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ABSTRACT
The present study critically evaluates the alleged close floristic 
links between Chaco and Caatingas vegetation in South America. A 
reassessment of the phytogeography of these areas has been made by (a) 
comparing species lists in virtually all of the available literature, and (b) 
plotting dot-map distributions of relevant taxa based on the author's own 
herbarium studies and recent monographs. The environmental factors, 
geology and geomorphology, climate and soils of both areas were also 
analyzed to assess their degree of internal coherence. The prevailing 
concept of the Chaco itself proved to be a broad geographical entity rather 
than a well defined geobotanic unit in vegetational terms, and a 
redefinition of the Chaco sensu stricto and a new map of the province 
has been proposed. Several forest communities have been excluded from 
the Chaco s.s. since their floristic composition clearly link them to other 
neighbouring provinces. Although the Caatingas province vegetation is 
not so well known, the area appears to be a consistent natural region, 
and a new vegetation type has been briefly described.
Detailed floristic lists of the main woody and succulent species 
of the Chaco s.s., the Caatingas and the Subandean Piedmont Forests are 
presented, which provide the basis for a subsequent phytosociological 
analyses (classical and numerical approaches) of these vegetation units 
vis-a-vis the rest of the seasonal forests and woodlands of South America. 
The results suggest that the alleged affinities Chaco-Caatingas are very 
feeble indeed, particularly when they are compared to the actual links 
between the Caatingas and other seasonal communities in the continent: 
the Guajira province in N Colombia and Venezuela, the dry forests of W 
Ecuador, and very particularly the Subandean Piedmont Forests in NW 
Argentina and SW Bolivia.
Some basic patterns of distribution of the floristic elements of 
seasonal forests in South America have been identified and found to form 
coherent trends in a series of accurate dot maps: a) Chaco endemics; b) 
Caatingas endemics; c) Neotropical seasonal forests pattern, including 
c.l- Residual Pleistocenic Seasonal Formations Arc (or 'Pleistocenic 
Arc'), extending from the Caatingas through some Planalto forests and 
calcium-rich localities in the Cerrados, SW Mato Grosso do Sul and the
VSantiago and Chiquitos Sierras, to the Parana-Paraguay river system 
and the Subandean Piedmont Forests; c.2- Tropical and Subtropical 
Seasonal Forests in South America; and c.3- Amphitropical Seasonal 
Forests pattern. The zoological evidence regarded until present as 
further proof of the Chaco-Caatingas links is also analyzed and mapped, 
and the results are sharply coincidental with those found for plant 
distribution.
An attempt has also been made to interpret the origin of the 
Caatingas flora; a hypothetical framework of probable ancient 
connections across South America between present-day seasonal woody 
communities is postulated, which have been interpreted here as 
migratory routes during the wet-dry climatic fluctuations of the late 
Pleistocene (18-12 ka BP). It is therefore concluded that the floristic links 
between the Chaco and the Caatingas are very weak and negligible when 
compared to other relationships, such as those between Chaco-Monte or 
Caatingas-Subandean Piedmont Forests. It is proposed that the 
Caatingas should be removed from the Chaquenian Dominium and 
placed in the Amazonian Dominium, with which they show much 
stronger affinities.
• :v
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1. INTRODUCTION
Many authors have drawn attention to the physiognomic, 
floristic and faunistic connections between the Caatingas of NE Brazil 
and the Gran Chaco region of Bolivia, Paraguay and Argentina (Fig. 1.1), 
e.g. Smith & Johnston (1945), Beard (1953, p. 195), Andrade-Lima (1954, 
1964a, 1967, 1981, 1982), Castellanos (1958), Rizzini (1963, 1979), Veloso 
(1964), Schnell (1966), Veloso & Strang (1970), Muller (1973), Vanzolini 
(1974, 1976), Bigarella et al. (1975), Short (1975), Cabrera (1976), Webb 
(1978), Cabrera & Willink (1980), Bucher(1982a), Prance & Schaller (1982), 
Ratter (1984), Haffer (1985), and Ratter et al.(1988b). For the most part the 
alleged floristic links comprise pairs of species (presumed vicariads), 
present in Chaco and Caatingas, such as Ziziphus mistol - Z. joazeiro, 
Schinopsis quebracho-Colorado - S. brasiliensis , Copernicia australis - C. 
cerifera , Aspidosperma quebracho-bianco - A. pyrifolium , Caesalpinia 
paraguariensis - C. pyramidalis/ bracteosa . A number of genera 
common to the two areas have also been cited: Croton ,Bumelia , 
Capparis , Mimosa , Acacia , Maytenus , etc. . Furthermore, some of 
the above mentioned authors cite Hueck (1972) as having remarked on the 
impressive degree of physiognomic similarity of the Chaco and 
Caatingas, and also for a list of disjunct species with large populations in 
the two areas (Andrade-Lima, 1982). However, from a careful reading 
of Hueck (1972) the only relevant observations with regard to the 
physiognomy of the Caatingas seem to be his comment: "Na sua 
aparencia lembra principalmente as matas do Chaco do centro da 
America do Sul” (p. 309). And describing typical Caatingas forest Hueck 
wrote: "El aspecto del bosque recuerda mucho al bosque seco del Chaco” 
(Hueck, 1959, p. 9). These casual references to physiognomic 
similarities seem to have been transformed into deep floristic 
relationships.
Cabrera & Willink (1980) included the Chaco and Caatingas, 
together with the Espinal, Monte, Prepuna and Pampean provinces, in 
their 'Chaquenian Dominium'. According to these authors, this 
Dominium was quite homogeneous and characterized by the 
predominance of Leguminosae {Prosopis , Acacia , Caesalpinia and 
Cercidium ), Zygophyllaceae {Larrea ,Bulnesia and Plectrocarpa ), 
Anacardiaceae {Schinopsis and Lythraea ), Rhamnaceae {Ziziphus and
Chapter 1
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Scutia ), Capparidaceae (Capparis and Atamisquea) and numerous 
genera of Bromeliaceae and Cactaceae. However, only five out of these 13 
genera can be actually found in the Caatingas: Acacia , Caesalpinia , 
Capparis , Schino.&sis and Ziziphus , and the other genera have been 
excluded from that province in all of the most detailed surveys of caatinga 
vegetation (Luetzelburg, 1922-23; Egler, 1951; Andrade-Lima, 1954, 1960 & 
,1981; Figueiredo Gomes, 1981;Emperaire, 1983; Carvalho, 1986). Against 
this background the present study has aimed to attempt a more critical 
evaluation of the floristic links between these two areas.
Axiomatic to any study of 'floristic similarity' is the question of 
what is a phytogeographical province as an abstraction. In this study, 
the concept proposed by Braun-Blanquet (1919, sub 'Domaine'), later 
modified by Takhtajan (1986), is followed. This system consists 
essentially of the subdivision of the World flora into areas ordered in 
hierarchical categories according to their degree of floristic endemicity 
and their 'taxonomic' rank. Thus, the system comprises 'kingdoms', 
characterized by endemic families, subfamilies and tribes; 'regions', 
established on the basis of high numbers of generic and specific (and 
sometimes even small family) endemisms; 'provinces' are subdivisions 
of the regions in which generic endemism is less relevant and usually 
consists of a reduced number of monotypic or oligotypic endemic genera, 
but in which specific endemisms are abundant and characteristic; the 
lowest category is the 'district', mainly established by subspecific 
endemism and where specific endemism is absent or weakly expressed 
(Takhtajan, 1986). Castellanos & Perez-Moreau (1944) widened the 
'province' to an ecological concept, such that it has to comprise not only 
the characteristic generic and specific endemics but also several edaphic 
communities and at least one climax community.
It is important to note that phytogeographical provinces do not 
necessarily coincide with geographical regions which may bear the same 
name. Thus, in South America the geographical areas denoted by 
Pampa, Monte, Caatingas, Patagonia, Amazonia or Chaco do not imply a 
homogeneous vegetation or equivalence with phytogeographical 
provinces. The danger of the misuse of geographical regions as 
synonyms of vegetation units has been pointed out by Castellanos & 
P6rez-Moreau (1944) for the Argentine vegetation and emphasized by
Chapter 1
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Castellanos (1960), and also as regards the Brazilian vegetation by 
Kuhlmann & Correia (1982).
To assess the degree of relationship between Chaco and <
Caatingas the following approaches were adopted in the course of this 
study:
a- An exhaustive search of the literature for floristic lists and 
phytogeographical observations on both areas and related ones was 
carried out.1
b- The present author has accumulated field experience for parts of the 
Chaco, based on many ecological and floristic surveys carried out from 
the University of Rosario (Argentina) in areas of Santa Pe, Cordoba,
Chaco and Santiago del Estero provinces, and subsequent surveys in 
riverine vegetation in the river Parana valley and tributaries.
c- During the course of this thesis further brief but very important j
fieldwork in NE Brazilian Caatingas (Pernambuco and Ceara states) was ?
undertaken. The core Cerrado area near Brasilia and calcareous forest 
remnants in the Federal District were visited, and also similar outcrops 
around Corumba in Mato Grosso do Sul. A preliminary survey of the 
alleged Chaco intrusion in the latter area was carried out.
d- An exhaustive check on taxonomic literature and verification of 
identity of those species cited in floristic lists and phytogeographic 
accounts was made by repeated visits to Royal Botanic Gardens, Kew and 
RBG Edinburgh, and also with exsiccata obtained on loan from various -
Herbaria.
e- Elaboration of a series of accurate distribution dot maps based only on 
verified specimens or on trustworthy modern revisions (solid black dots), 
and also on citations in reliable vegetation surveys of the areas involved 1
(open circles). '
f- Statistical (numerical) analysis of floristic lists on a basis of presence- 
absence of species was performed (Complete Linkage Algorithm-CLINK, 
in Wishart, 1987, and Principal Components Analysis-PCA, in JUMP 
IN™), and this compared to classic phytosociological analysis (Braun- 
Blanquet modified by Mueller-Dombois & Ellenberg, 1974). i
i Abundant references to be found in the Chaco and Caatingas chapters (Ch. 2 & 3).
Chapter 1
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g- Finally, an attempt was made at a synthesis of the biogeography of 
certain parts of South America linked by related types of dry vegetation 
which form an arc across the continent.
Chapter 1
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2. THE GRAN CHACO VEGETATION
Within the framework of Southamerican phytogeography the 
term Chaco or Gran Chaco has been applied to the vegetation covering 
the vast plains of north-central Argentina, western Paraguay and SE 
Bolivia, and entering into Brazil as a narrow strip parallel to the river 
Paraguay in Mato Grosso do Sul (Fig. 1.1). Covering about 800,000 km2 
(Hueck, 1972) or 1,000,000 km2 (Bucher, 1982a), it is one of the few areas 
in the world where the transition between the tropics and the temperate 
belt does not occur in the form of a desert but rather as semiarid forests 
and woodlands (Morello & Addmoli, 1968). For most authors the Chaco 
phytogeographical province has simply been equated with the Chaco 
Geographical Region, as shown in Hauman (1931), Kanter (1936), 
Ragonese & Castiglioni (1970), Cabrera (1953, 1971, 1976), Morello & 
Adamoli (1968, 1974), Hueck (1972), Hueck & Seibert (1981), and Zellweger 
et al. (1990), and no attempt has been made to date to critically evaluate 
the homogeneity of the resulting vegetation.
In the following sections the environmental factors modelling 
the vegetation of the Gran Chaco, and the floristics and structure of the 
vegetation itself, will be analyzed. The actual geographical area 
encompassed by this analysis corresponds to the broadest one, i.e. that 
of Ragonese & Castiglioni (1970). They described the plant cover 
extending from the gallery forests on the islands of the river Parana in 
the east to their ’Subandean Sierra Chaco' in the west (which seems to be 
simply an impoverished version of the 'Palo bianco' forest). The 
rationale of choosing the broadest possible concept as starting point for 
this analysis arises from the need to take into account every vegetation 
unit susceptible to being regarded as chaquenian, and then test the 
validity of its inclusion within the province vis-a-vis both the core area of 
the Chaco itself and the rest of the South American phytogeographical 
framework. The present-day most widely accepted concept of the 
phytogeographical province is that of Cabrera (1976), that is to say from 
the forests close to the river Parana in the east (but excluding the gallery 
forests and 'Selva de ribera' units), to the Sierra Chaco in the west (but 
excluding the 'Palo bianco', i.e. the so-called Transitional forests). 
There are other relevant but not widely accepted ideas of what the Chaco 
is, such as that of Hueck (1972) which simply includes the 'Palo bianco'
Chapter 2
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unit. The limits set by Ragonese & Castiglioni for the 'Chaquenian Park' 
(1970) most closely equate with the Chaco Geographical Region as defined 
by Kanter (1936). The map of the Chaco region in Morello & Adamoli 
(1968) is a similar case. These latter authors nevertheless provide the 
most useful phytogeographical subdivisions of the Chaco to date (Fig. 
2.1), which were later slightly modified by Marlange (1972).
2.1- The usage of the word Chaco:
In all likelihood the word 'Chaco' is from quechua origin. 
When the first Spanish Conquistadores arrived to present-day Peru, the 
quechua-speaking Inca civilization used the term 'chacu' or 'chaku' to 
designate the method of hunting by surrounding a piece of land with a 
large number of natives, shouting and producing noises so as to frighten 
the game and progressively closing the circle. Cobo (1964, p.269) described 
a 'chacu' involving some 10,000 indians and spreading over leagues of 
land in honour of Pizarro by mandate of Manco Inca. This meaning has 
been widely accepted by most scholars (Middendorf, 1890; Lira, 1942; 
Castellanos & Perez-Moreau, 1944; Mritraux, 1946; Mormigo, 1966) and by 
the Dictionary of the Royal Academy of Spanish, and usually accepted in 
a shortened version as 'hunting land*.
However, it seems that the Inca dominium never spread into 
the geographical Chaco or if it did it was very sporadically and in short­
lived settlements, since archaeological evidence is very scarce and of 
arguable origin (Metraux, 1946; Fock, 1961). By contrast, the vast plains 
of the Chaco were roamed by war-like semi-nomadic hunter-gatherer 
aborigines, whose fierceness prevented white-man settlements until late 
XIX century in certain parts of the Argentine Chaco and the first third of 
this century in Paraguay and Bolivia. Their languages pertained 
mainly to the Zamucoan, Matacoan, Guaicuruan, Mascoian and Lule- 
Vilelan language families, rather than Quechua (Metraux, 1946). How 
is it then that the name 'Chaco' was so widely used for this area since 
early colonial times in South America?. The jesuit Camano (1955) 
provided the most likely and logical explanation: the quechua-speaking 
indians of Humahuaca (in NW Argentina) used to go hunting in the 
plains east of their mountainous country; the Spaniards, who came from 
Peru to NW Argentina to found the oldest cities of that country, must 
have enquired what lay further to the east, and the answer 'chacu' -and
Chapter 2
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subsequently by mispronunciation: 'chaco'- was believed to be the name 
of those lands. When finally the first Spanish colonies were established 
on the margins of the Paraguay and Parand rivers, which are the actual 
eastern borders of the geographical Chaco, the name had already spread 
throughout the River Plate Dependencies to designate the lands east of 
the Subandean and Pampean chains, south of the Santiago and Chiquitos 
ranges in Bolivia, north of the treeless Pampas and west of the rivers 
Parana and Paraguay.
This last eastern limit proved most difficult to colonize and it 
was not until nearly 1880 that the first contingents of immigrants 
founded Resistencia and Formosa cities on the W margin of the Parana 
and Paraguay rivers respectively. This protracted stage of terra 
incognita must have helped cement the concept of the Chaco 
Geographical Region as a unit, which is a very useful abstraction from 
the anthropological, economic and administrative point of view (see for 
example the study by Morello, 1985), but not necessarily so as regards the 
phyto geography of the continent.
22 (a)- Geology and geomorphology:
The topography of the Chaco shows an amazing monotony all 
over the region, with some low-height elevations towards the western 
limit in Argentina and Bolivia, and also in a sector of the Paraguayan- 
Bolivian border (Ramella & Spichiger, 1989); the terrain is nearly 
horizontal, thus provoking the only three rivers crossing the Chaco (all of 
them aloctonous) to meander, and at the same time to have laterally 
fluctuating courses1 within an up to 100 km wide flat valley covered with 
abandoned ox-bows.
Perhaps the most characteristic feature of the geomorphology 
of the Chaco-Pampean plains is that they consist of a massive 
accumulation of Quaternary sediments over the deeply sunk Pre- 
Cambrian Brazilian Shield. These sediments are the result of the erosion 
of the at that time recently risen Andes, which were transported 
seolically to the southern half of the Chaco geosinclinal (therefore called 
Chaco-Pampean loess or loessic sediments), or seolically but mainly
1 For example, geomorphologists have detected at least five changes of course of 
Salado river (Castellanos, 1968), and its bed fluctuated of position once in this
Chapter 2
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hydrologically to the northern half of the Chaco trough, to form the 
scarcely known 'Chaco sediments' of the Paraguayan Chaco (Putzer, 
1962). These plains must have originated as a vast sedimentary basin in 
the Palaeozoic, extending further east than today over the Pre-Cambrian 
Shield (Fig. 2.2a). From the beginning it had a tendency to subside 
(Popolizio et al., 1980a), and the pressure of the successive layers of 
sediments provoke the crystalline base to fracture in smaller blocks with 
a general NE-SW direction (Fig. 2.2b). During the Tertiary these blocks 
moved differentially; the Argentinian Mesopotamia and eastern 
Paraguay started to rise (Teruggi, 1970), thus putting an abrupt eastern 
border to the Chaco plains, while in the W the Subandean Sierras were 
formed as an even more straightforward limit. In the middle of the 
plains, a line of blocks rose forming what today is known as the Charata- 
Eastern Cordoba Arc or Dorse (Padula & Mingramm, 1963) (Fig. 2.2c), 
which divides the area in two geomorphological basins, Alhuampian and 
Chaquenian. During the Quaternary the modern features of these plains 
were settled with the deposition of massive loessic sedimentary layers, 
obliterating most of the previous relief caused by the movements of the 
crystalline blocks (Fig. 2.2d). The Pampean loess is missing over the 
north of Argentine Mesopotamia and eastern Paraguay (Teruggi, 1970).
The differential block movements in the same NE-SW direction 
(Brazilian alignment) spread not only in the Argentine Chaco but also in 
the Paraguayan, as shown in Putzer's geological map (1962). In NW 
Paraguay the Brazilian alignment of fractures meets a Caribbean one 
(NW-SE direction), this allowing for a much deeper fault movement of 
over 1000 m (Putzer, 1962) which created the tectonic horst of the Cerro 
Leon area. This block, basically formed by Lower Devonian and Silurian 
outcroppings, has risen up to 720 m above sea level (Ramella, in litt.). 
There are some other isolated hills near the Cerro Leon area which 
generally share a common tectonic horst genesis, such as the Cristian, 
Cabrera, Caimdn and San Miguel tableland hills, of which the latter is 
the highest point within the expanse of the Chaco (Ramella & Spichiger, 
1989). Thus, it is clear that the sparse relief basically originated from an 
underlying horst and graben structure covered by a thick sedimentary 
layer, and that the Chaco comprises true plains caused by accumulation. 
The Chaco plains cannot be regarded as peneplains as claimed by 
Ramella & Spichiger (1989), i.e. extensive piedmonts caused by erosion
Chapter 2
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Fig. 2.2: Geological origin of the Chaco plains (see 
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and removal of massive amounts of material; there is absolutely no 
evidence of such a process in the Chaco, where no glacis or inselbergs 
can be found. The origin of the localized palaeodunes fields in W 
Paraguay and E Bolivia is also debatable; this author believes they can 
hardly have originated from fluvial transport and accumulation (cf. 
Ramella & Spichiger, 1989), but rather they must be the remnants of a 
much drier period probably caused by Pleistocenic climatic fluctuations 
such as those which formed the palaeodunes fields of the middle Sao 
Francisco river valley in the Caatingas (Tricart, 1985). Such fluctuations 
did occur in the northern Chaco where the draining system of a more 
humid period during the Pleistocene, which left behind the youngest 
sedimentation to be found, is recognizable from the air (Putzer, 1962).
Popolizio et al. (1980a) divided the Chaco region in four major 
morphogenetical units, from west to east: a) piedmont chaco , in 
transition with the western mountainous ranges and in the shape of a 
narrow fringe along them; b) bajada chaco , over a huge alluvial apron of 
extinct rivers and which is under the influence of a semiarid subtropical 
modelling system; c) western chaco plains , coinciding with the slightly 
elevated Charata dorse; d) eastern chaco plains , under a humid, with no 
dry season, subtropical modelling system on mainly recent alluvial 
deposits from the Paraguay-Parana axis. This last unit is the only one 
with autochthonous rivers, which are still modelling the surface in a 
dendritic net unique in the Chaco region, and this fact together with the 
scarce energy of the relief, soils with impeded drainage and higher 
rainfalls, provoke the unit to undergo the effects of waterlogging, 
floodings and marsh formation.
2.2 (b)- Climate:
The highest absolute temperatures in South America have been 
registered in the Chaco. Prohaska (1959) referred to the area 
encompassed by the 47°C isotherm of absolute maxima as the 'South 
American Pole of Heat1 (Fig. 2.3). Nevertheless, this very hot summer 
with maxima up to 48.9°C is associated with frosts in winter (Galmarini 
& Raffo del Campo, 1964). In fact, apart from a narrow fringe in the east 
and parallel to the major rivers, no point within the Chaco geographical 
region is free from frosts, their average frequency ranging from nearly 0 
in the east to 11.3 days or more in the west (Marlange, 1972). 
Consequently, there is also an east-west gradient with regard to the
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Fig. 2.3: The 'South American Pole of Heat', according to Prohaska 
(1959). Modified from Galmarini & Raffo del Campo, 1964.
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lowest absolute temperatures, from -1.1°C in Corrientes to -7.2°C in 
Santiago del Estero. In contrast, the mean annual temperature varies in 
a north-south latitudinal effect from about 26°C in N Paraguay (Farina 
Sdnchez, 1973; L6pez Segovia et al., 1988) to 17°C or less in the hills of the 
Sierra Chaco (Ragonese & Castiglioni, 1970).
The map of Fig. 2.4 shows the isolines of precipitation, 
extracted from Galmarini & Raffo del Campo (1964). Again there is an 
outstanding E-W gradient from 1267 mm in Formosa city to 514 mm in 
Rivadavia, and down to about 350 mm in Catamarca or La Rioja in the 
extreme W and SW of the Chaco. There is a manifest yearly variation in 
rainfall, with a strong, marked dry season in winter-spring, and a rainy 
season from October to April; the length of the dry season increases 
markedly from E to W, with no dry month in Formosa (Papadakis, 1973) 
to 6 months with negligible rainfall in Rivadavia in the Salta province, or 
in Catamarca or La Rioja. In the western limit of the area there is a 
sudden inversion of the rainfall gradient as a result of the cooling of the 
warm air masses, which cross the plains and lose most of their humidity 
in the eastern third as they encounter the first heights in the western 
border of the Chaco (Pampean Sierras in the S, Subandean Sierras in the 
N). Thus, there is a moderate increase of rainfall in the Pampean 
Sierras (owing to their relatively low altitude) from about 500 mm in the 
nearby plains to over 700 mm, and a more dramatic one along the eastern 
slope of the Subandean Sierras from the province of Tucuman to the 
north. In this latter case the first low hills to the east, although not high 
enough to generate orographic rains, benefit from the effect of the 
mountains to the west and receive up to 800 or 900 mm/year (Sarmiento, 
1972). Further away from the plains height has increased from about 500 
m to 2000 m or more, and with it rainfall rises from 900 mm up to 1500 or 
even 2000 mm (Groeber, 1958). Again there is a marked drop in rainfall 
in the rain-shadow slopes of the subsequent ranges of mountains, 
resulting in dry west-facing slopes (700 mm down to 300 mm) as opposed 
to humid east-facing slopes in the same valleys (up to 1500 mm) (Hueck, 
1954; Sarmiento, 1972).
Although the general E-W rainfall gradient of the Gran Chaco 
is a well-known fact, it is not a gradual and steady decrease. In Table 2.1
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two E-W rainfall transects are shown, with data from Galmarini & Raffo 
del Campo (1964) and Boletta (1988). In the first case, since the localities 
are nearly at the same latitude, distances shown are measured on a 
straight line uniting each pair of localities; in the second case an 
imaginary line uniting Corrientes with Santiago del Estero was drawn, 
and distances measured where it intersects with the meridian 
corresponding to each locality. In both cases the decreasing rainfall rate 
shows a dramatic fall in the first 100 km of over 2 mm/year for every km 
to the west, but once deeply within the Chaco, the rate decreases only 
gradually to reach virtually zero values in the far west of the region.
Potential evapotranspiration decreases southwards from 1150 
mm to 900 mm, but increases westwards up to 1200 mm in the centre of 
western Chaco, to decrease again near the mountainous ranges with 
very close isolines. A sharp fall in Moisture Index values (sensu Box, 
1986) from east to west would be expected as a consequence, and this is 
confirmed by his figures and also by Papadakis' Hydric Index (1973) 
values across the area. It should be pointed out that the critical MI=1 
isoline, the hypothetical boundary between humid and dry climates, 
when using the Thornthwaite potential evapotranspiration estimate, 
runs parallel to the meridians and puts most of Eastern Chaco on the 
humid side (Box, 1986).
2.2 (c)- Soils:
The parent materials of the Gran Chaco soils are fine 
sediments brought in by a seolian or fluvial transportation, or depositions 
of lacustrine or even Devonic marine ingressions sediments. In this 
context stones and pebbles are of extremely rare occurrence, and rock 
outcroppings are non-existent. Only a few exceptions occur and always 
in marginal areas close to the borders and linked to the western 
mountain ranges. One of the constant features of the soils across the 
area is their texture, since particles never go beyond 2 mm (Marlange, 
1972); this characteristic is not only important because of its mechanical 
and physical implications, but also because whilst several pedogenetical 
elements vary from E to W (climate, vegetation), texture remains fairly 
constant. Thus, the kind of soil present is a direct result of the influence 
of the prevailing environmental factors, particularly climate.
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. As a consequence, there is an E-W gradient of climatogenic soil 
types; according to Bonfils (1970; also Bonfils, in Ragonese & Castiglioni, 
1970) well developed Brunizem soils are present in a narrow strip 
parallel to the river Parand on high topographic position. Espino et al. 
(1983) in their description of the soils of northern Santa Fe, and that of 
Ledesma (1973) for Chaco administrative province, coincide in assigning 
the most important soils of the eastern area to Brunizem with a clay 
textural B horizon through illuviation. Further inland, Grumosols and 
Reddish Chestnuts dominate the landscape, usually with an argillic B 
horizon, and associated to Planosols and Solonetz together with others of 
the saline cycle. Towards the centre of the Gran Chaco, Regosolic 
Chestnuts are common, while in the western third of the region some 
aridic soils prevail, such as Cinnamon Chestnuts and finally Reddish 
Browns (Bonfils, 1970), associated with extended Alluvial soils in the NW 
and massive saline areas in the extreme SW. The Sierra Chaco is 
generally established on Lithosols in the Pampean Sierras, while in the 
northern Subandean mountains there are Alluvial soils in the bottoms of 
dry valleys, Lithosols on dry slopes and Forest Brown on the humid 
windward slopes (Bonfils, 1970). Vargas Gil & Vorano (1988) classified 
the Gran Chaco soils according to the 7th Approximation, but this does 
not alter the E-W gradient; they found typical Hapludols and Argiudols in 
the extreme east, Argiustols and Haplustols in the central area, and 
typical Haplustol, aridic Haplustol and aridic Haplustalfs in the west.
Some non-climatogenic soils also occur in the Gran Chaco. 
The overflowing of rivers, now extinct or severely diminished in their 
caudal, provided extensive layers of alluvial sediments (Putzer, 1962) to 
form a series of young and scarcely developed soils such as those in 
the Alluvial Salta Chaco in eastern Salta province (Adamoli et al., 1972). 
Alluvial Quaternary deposits also occur in the eastern third of the 
Formosa province soils, Planosols with a perched water table can be 
found in depressions all across the Gran Chaco, although hardly 
perceptible by topographic difference. There are extensive areas with 
soils of the saline cycle, and due to the arid and semi-arid climate soluble 
salts are abundant. ~Thus, Saline, Solonetz and Soloth soils are a 
common feature in low areas with poor drainage. The abundance of 
salts provokes an easy dispersion of clay, and the consequent heavy- 
textured sub-soils are prone to flooding in the rainy season (Beek & 
Bramao, 1968).
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The Gran Chaco soils are poor in organic matter, and the 
humic horizon is relatively shallow; in the east it can extend up to 20 or 
25 cm depth (Espino et al., 1973), but it nearly disappears in the west. 
Daily maxima temperatures are high even in winter, and this together 
with environmental dryness and scarcity of protective Graminae 
facilitates a very quick mineralization of organic residues (Papadakis, 
1973). Parent materials and the mainly semiarid climate make mineral 
deficiencies very improbable, although ant mounds generate very 
localized sterile spots (Bucher, 1982a). There is usually a calcium 
carbonate-rich horizon, and nearly all soils give an increasing 
effervescent reaction to HC1 from west to east (Papadakis, 1973). 
Hardpans of calcium carbonate and silica are frequent in the east of the 
Chaco. In Papadakis' view, the main set-backs of the soils of the Gran 
Chaco are poor drainage, salinity and alkalinity, flooding under 
occasional excessive rainfalls, and the presence of clay textured horizons 
or even hardpans in places.
2.3- Vegetation:
The plant cover of the plains of the Gran Chaco, considering its 
extension and the several environmental gradients already described, 
inevitably shows a certain degree of variability, although some general 
features might remain constant. The analysis will be carried out from 
east to west so as to follow the major environmental gradients, and it will 
be mainly focused on the Argentine Gran Chaco, for which there is 
abundant information coupled with field experience of this author. For 
the Paraguayan and Bolivian Chaco, and also for the Brazilian sector 
with allegedly Chaco vegetation, information is scanty and sometimes 
imprecise, but nevertheless some tentative conclusions can be reached. 
The geographical range of this study (see Fig. 2.5a & b) extends from the 
Paraguay and Parand river valleys in the east to the western 
mountainous ranges, and from the Santiago and Chiquitos ranges in 
Bolivia to the peri-steppic Thorn Woodlands (Espinal Periestepico, sensu 
Lewis & Collantes, 1973, and Cabrera, 1976) in the south, which is 
actually an enormous ecotoner!'Chaco-Pampa. Morello & Adamoli's 
(1968) subdivisions of the Gran Chaco will be followed and frequently 
referred to throughout this chapter, though with more simplified 
nomenclature. Thus, their 'Chaco de esteros, canadas y selvas de 
ribera' along with the 'Chaco de pastizales y sabanas' (see Fig. 2.1)
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equals what here is called Eastern Chaco; their 'Chaco de parques y 
sabanas secas' will be referred to as Central Chaco; their 'Chaco lenosa' 
as Western Chaco; and the 'Chaco serrana’ is equivalent to the Sierra 
Chaco. These equivalents are only used as convenient subdivisional 
names, but the vegetation or phytogeographical territories ascribed to 
them by these authors are not necessarily accepted.
In general terms the most peculiar feature of the vegetation of 
the Chaco consists of the dominance by species of the arboreal genus 
Schinopsis . In the humid, frequently waterlogged eastern plains the 
predominant species is the simple-leaved S. balansae ; in the dry and flat 
plains of central and western Chaco the most important tree is S. 
quebracho-colorado , with imparipinnate, linear-lanceolate, numerous 
leaflets. In the lower belt of the western Sierras the dominant species is 
S. haenkeana , which closely resembles the former but with ovate 
leaflets. Their vernacular names - ’quebracho' (from 'quiebra-hacha' or 
axe-breaker) - reflects the hard quality of their tannin-rich wood. Also 
characteristic are the forests of Bulnesia sarmientoi ('palo santo') in 
western Formosa and eastern Salta, and those dominated by 
Aspidosperma quebracho-bianco ('quebracho bianco') in the plains of 
eastern Catamarca, La Rioja and San Juan, NW San Luis and W of 
Cordoba in Argentina (Ragonese & Castiglioni, 1970).
However, forests and woodlands are not the only feature of the 
Gran Chaco, since savannas are also a very important component of the 
landscape: Elionurus muticus savannas with scattered Prosopis spp. 
trees are common throughout the region; Spartina argentinensis 
savannas, with or without trees, have been extensively studied by Lewis 
et al. (1990a & b). Palm savannas and palm-tree woodlands of 
Copernicia alba are very important and sometimes dominant in the 
landscape from the Brazilian Pantanal to NE Santa Fe in Argentina, 
always on alluvial, seasonally flooded ground under the influence of river 
systems in the east of the region. Such savannas are not evenly 
distributed across the Gran Chaco and there is an evident decreasing 
frequency of savanna physiognomy towards the west, as the subregional • 
names by Morello & Adamoli (1968) clearly show (Fig. 2.1). This is why, 
as already stated by Morello & Adamoli (1974), it is certainly improper to 
denominate this region as Chaquenian Park ('Parque Chaqueno'), as 
employed by Parodi (1945), Cabrera (1953) and Ragonese & Castiglioni
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(1970), since although this physiognomy is frequent and in areas 
dominant, it is not the case for the whole of the Gran Chaco.
A number of woody communities can be found in each sector, 
some of which are exclusive to it and some others, with minor variants, 
are roughly the same throughout the three main sectors of the Chaco. 
In dealing with every sector only the exclusive communities will be 
described, while the more generalized ones will be dealt with under the 
heading 'Azonal woody formations'. In Table 2.2 an attempt has been 
made to fit the main chaquenian woody communities into Beard's (1955) 
system of vegetation physiognomy, and this is compared with 
Sarmiento's (1972) nomenclature when available. Since Beard's system 
was designed for tropical vegetation, the term 'subtropical' should be 
added before his classes in this table.
2.3.1- Gallery Forest;
The islands in the river Parana, together with the banks of the 
river Paraguay and their western tributaries, present a peripheral levee 
('albardon') above the level of waters except for the flooding season, which 
is formed by the deposition of coarse materials brought in by the river 
floods. The vegetation is usually a forest up to 20 m high, which is 
floristically rich although it is in effect an impoverished version of the 
Subtropical Rain Forests of Misiones (Argentina), southern Brazil and 
eastern Paraguay (Cabrera, 1970; Sarmiento, 1972; Klein, 1972; Cabrera, 
1976). It comprises up to three tree strata and is rich in lianas, ferns 
and vascular epiphytes (Ragonese, 1941), and the species not rising above 
the middle storey are evergreen. This forest is subject to yearly floodings 
from the nearby rivers and this strongly determines the floristic 
composition, e.g. as the presence of Lauraceous trees and several other 
species found only in this kind of community demonstrates (see Ch. 6, 
Table 6.1 for a typical example). Following the courses of the tributaries 
such forests may penetrate up to 100 to 150 km into the Gran Chaco 
plains. Good descriptions of this formation can be found in Burkart 
(1957a), Franceschi & Lewis’ Forestum Nigrum (1979), Franceschi et al. 
(1985) and Eskuche (1986). Morello & Adamoli's (1974, p.108)%osque alto, 
o selva de inundation' corresponds to this unit as well.
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TABLE 2.2: Physiognomy classes equivalences for the main woody 
communities of the Chaco and neighbouring formations.
BEARD (1955) SARMIENTO (1972)
Gallery forest Semideciduous
Seasonal Forest
Deciduous Rain Forest
Selva de Ribera Semideciduous
Seasonal Forest
Austro-Brazilian
Transitional Forest
Deciduous Seasonal
Forest
Subtropical Deciduous 
Forest
Quebrachal of 
Schinopsis balansae
Thorn Woodland -
Quebrachal of 3 
quebrachos
Deciduous Seasonal
Forest/Thorn Woodland
Dry Subtropical Forest
Quebrachal of white 
quebracho
Thorn Woodland
-
Quebrachal of 2 
quebrachos
Deciduous Seasonal
Forest/Thorn Woodland
Dry Subtropical Forest
.......................................
Palosantales of
Bulnesia sarmientoi
Deciduous Seasonal
Forest/Thorn Woodland
Arid Chaco Woodland Thorn Woodland Dry Subtropical Wood.
South Sierra Chaco Deciduous Seasonal
Forest/Thorn Woodland
Dry Montane Forest
North Sierra Chaco Deciduous Seasonal
Forest/Thorn Woodland
Dry Montane Forest
Algarrobales of 
Prosopis spp.
Thorn Woodland —
Cardonales of
Stetsonia coryne
Cactus Scrub
Palmares of
Copernicia australis
Seasonal-Swamp 
Thicket with Palms
Vinalares of Prosopis 
ruscifolia
Thorn Woodland
'Palo bianco' forest Deciduous Seasonal
Forest
Deciduous. Subtropical 
Forest
'Tipa' and 'Pacard' 
forest
Deciduous Seasonal
Forest
Deciduous Subtropical 
Forest
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2.3.2- ’Selva de ribera’ (River margin forest), ’Selva’ or ’Monte Alto’:
This forest can be found side by side with the previous unit but 
on higher ground, which is never reached even by the extraordinary 
floods of the Paranri river (Lewis et al., 1987). In the provinces of Chaco 
and Santa Fe there is a strong erosion scarp 3 m high (Popolizio et al., 
1980b) left by an ancient course of the river Paraguay (Popolizio, 1970), 
and which extends in N-S direction from the cities of Resistencia to Santa 
Fe and is the effective western limit of the alluvial valley of the river 
Parana. It holds an up to 30 m tall forest, locally called 'selva' for its 
abundance in lianas and epiphytes (Schulz, 1967) and its floristic 
richness. It is very closely related to the previous unit, with which it is 
often confused, and most available descriptions have mixed floristic lists 
(Hauman, 1931; Ragonese, 1941; Hueck, 1972; Sarmiento, 1972; Cabrera, 
1976; Reboratti & Neiff, 1986). However, the unique topographical 
position above the highest possible peaks of floodings, on well developed 
soils (typical Argiudols, Espino et al., 1983), and the peculiar floristic 
composition - free from hygrophilous trees such as the Lauraceae, and 
from inland xerophytic Chaquenian trees - allow for a definitive 
detachment from the Gallery Forest. To date only Schulz (1967), Morello 
& Adamoli (1974), and Prado et al. (in press, a) show this forest as a 
distinct unit; the latter provide not only a floristic list but also a 
quantitative assessment of this 'bosque subtropical semideciduo' 
dominated by Holocalyx balansae , Ficus luschnathiana and Patagonula 
americana . Again this forest is an impoverished version of floristically 
much richer formations in Brazil (Klein, 1967 & 1972) and Paraguay 
(Tortorelli, 1967). The floristic composition shown in Table 6.1 is 
basically the Prado et al. (op. cit.) list, with the addition of those species 
cited by Morello & Adamoli (1974) which appear further north because of 
a latitudinal enrichment of this unit.
2.3.3- Eastern Chaco Forests (sensu Morello & Adamoli, 1968, see above):
In this area there are two major woody communities which 
have been repeatedly mistaken for a single one (e.g.: Hauman, 1931; 
Ragonese, 1941; Hueck, 1959 & 1972; Ragonese & Castiglioni, 1970; 
Cabrera^ 1971 & 1976; Sarmiento, 1972; Marlange, 1972Cabrera & 
Willink, 1980; Bucher, 1982a). Although Morello & Adamoli (1974, p. 103) 
hint at these differences when they refer to the forestal types 'monte alto' 
and 'monte fuerte', it was not until Lewis & Pire (1981) pointed out their
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very distinct topographical position and soil substratum that the matter 
was settled. These two major subunits are:
(a) Austro-Brazilian Transitional Forest:
This forest corresponds to what Lewis & Pire (1981) 
denominated 'bosque chaqueno', and the 'monte alto' in Morello & 
Adamoli (1974). It occupies the highest topographical position in NE 
Santa Fe, eastern Chaco administrative province and eastern Formosa 
(Morello et al., 1971), in well developed and intermediate soils (Ledesma, 
1973; Espino et al., 1983). Usually two strata can be distinguished, the 
superior continuous but of variable density. Lianas and epiphytes are 
frequent but not abundant, and in dense stands shrubs are 
inconspicuous. The floristic composition suffers an evident N-S 
temperature gradient, and is much richer in the Chaco and Formosa 
provinces. The dominant species of this kind of forest are what Hauman 
(1931) called "elements venus des forets hygrophiles: Tecoma ipe , 
Patagonula , Gleditschia , quelques Myrtacees...". The simple-leaved 
'quebracho' Schinopsis balansae , if at all present, is here a foreigner 
coming from the nearby communities of the next unit, and is usually 
scarce and in marginal position (Pire, E.F., unpublished data; Lewis, in 
litt.). In Table 6.1 the floristic list is shown, compiled from Lewis and 
Pire (1981) and the author's field experience for NE Santa Fe; further 
north in Argentina several other very important species are added to this 
community, such as Astronium balansae ,Diplokeleba floribunda , Ceiba 
speciosa (Morello et al., 1971; Morello & Adamoli, 1974), or even 
Pithecellobium scalare and others (Cabrera, 1976).
(b) 'Quebrachal' (quebracho woodland) of Schinopsis balansae :
Also called 'monte fuerte' in Morello & Adamoli (1974), and 
'quebrachal' in Lewis & Pire (1981). This unit is always found at a lower 
topographical position than the previous one, on heavy-textured soils of 
the saline cycle, such as typical Natracualf with over 15% of Na++ in the 
exchangeable ion complex (Espino et al., 1983). Furthermore, the 
ground is usually waterlogged in the rainy season because of the strongly 
argilic subsoil, loeaL'microrelief and consequent impeded drainage. - 
Durland (1924) pointed out the close relationship between the Quebrachal 
and underground water, since it had been consistently established that 
water originating from subterranean sources within a belt or patch of 
quebracho-forest is invariably brackish, while beyond the limits of this
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community it is invariably fresh (obviously out of the range of sodium- 
rich soils). Thus the dominant hygrophilous tree species of the Austro 
Brazilian forest are excluded from this kind of substratum and the forest 
is dominated by Schinopsis balansae ('quebracho Colorado chaqueno'), 
from which this community derives its name. Two arboreal strata can 
be distinguished, the higher generally composed of Schinopsis , 
Aspidosperma and Caesalpinia spp., and the lower by Mimosoideae, 
Schinus and Celtis spp.. Often the lower stratum comprises only a 
dense population of young S. balansae treelets. The broken canopy 
allows a shrubby layer which is far more conspicuous than in the 
previous unit, and Cactaceae are a common feature. In slightly higher 
areas where the quebracho can generate a dense, continuous canopy, 
massive spiny Bromeliaceae populations predominate. Lianas and vines 
are extremely scarce, but the abundance of lichens and epiphytic 
Tillandsia is a typical feature of this formation. The flora listed in Table 
6.1 for this forest is a compilation from Lewis & Pire (1981) and the 
author's field experience.
2.3.4- Central Chaco Forests:
Essentially this sector is transitional to both the Eastern and 
Western ones; it does not possess a floristic individuality that could 
characterize its vegetation. However, from an ecological point of view 
some of the communities to be found here are unique, or nearly so, to this 
sector, such as the case of the 'quebrachal of three quebrachos' unit. It 
is in the Central Chaco where the Elionurus muticus savannas are more 
conspicuous and have provided most of the agricultural land. These 
savannas are mainly determined here by heavy-textured soils with a 
perched water table (Beek & Bramao, 1968; Bucher, 1982a), whereas in 
Eastern Chaco they are determined either by strong salinity or by flooding 
tolerance.
(a) 'Quebrachal' of three 'quebrachos':
This unit, treated in detail by Lewis &.Pire (1981), is also called
'Bosque Mixto' (Mixed Forest) in Ragonese & Castiglioni (1970). It has 
been briefly described in Ragohese (1941), Sarmiento (1972), Morello & 
Adamoli (1974) and Bucher (1982a). This unit is characterized by the 
shared dominance of Schinopsis quebracho-colorado , Schinopsis 
balansae and Aspidosperma quebracho-bianco . This is the only area 
within the Chaco in which the three species occur together in the same
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community. This forest, with its definitely more xerophilous character 
than those in the east, consists of two continuous and dense arboreal 
strata (Lewis & Pire, 1981), the higher comprising the three dominants 
plus generally Ziziphus mistol , Caesalpinia paraguariensis and 
sometimes Sideroxylon obtusifolium . There is a conspicuous shrub 
layer, while the herbaceous layer is very variable in importance or 
absent. The floristic composition of this unit for NW Santa Fe (Lewis & 
Pire, 1981; also Ragonese, 1941, and personal field experience) is shown 
in Table 6.1.
(b) ’Quebrachal* of white 'quebracho':
Described in Lewis & Pire (1981) and D'Angelo et al. (1987) and
also in Morello et al. (1971). Mainly towards the south-east of the sector, 
but also in localized areas elsewhere within the Central Chaco, the 
Schinopsis spp. disappear and Aspidosperma quebracho-bianco takes 
over dominance. This unit is somewhat lower, with variable density of 
the arboreal layer; there is a scattered emergent stratum of A. 
quebracho-bianco , from 5 to 8 m high in the south to 8 to 16 m high in the 
north. The bulk of the forest is in the second stratum, 4 to 5 m high in 
the south and up to 8 m in northern areas. In the Formosa province this 
community can be found on slightly elevated areas above the position of 
the 'vinalares' (see) on less alkaline loamy soils (Morello et al., 1971). 
The floristic composition shown in Table 6.1 has been compiled from 
Lewis & Pire (1981) and Morello et al. (1971).
2.3.5- Western Chaco Forests:
In this part of the region environmental factors such as 
rainfall are more uniform (Table 2.1), and consequently the vegetation is 
more homogeneous. Western Chaco is the driest, most continental 
sector, with the highest maxima and lowest minima in both absolute and 
average temperature values, longest frost period, and its vegetation 
shows the most pronounced xeromorphy. Cactaceae are very abundant 
here, and amongst them the arborescent habit is particularly 
conspicuous: Stetsonia coryne , Opuntia quimilo , Cereus validus , 
Quiabentia pflanzii fPervskia sacharosa . Lianas and epiphytes are* 
generally extremely rare. There are a number of anthropogenic 
communities (Morello & Saravia Toledo, 1959a & b), because of both the 
higher fragility of these semiarid ecosystems and older european 
colonization. A few endemic genera (Lophocarpinia , Mimoziganthus ,
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Stenodrepanum , Setiechinopsis ) are present as well as numerous 
endemic species (Ragonese & Castiglioni, 1970) and there is also an 
important intrusion of species coming from the Monte phytogeographical 
province (Morello, 1958).
(a) ’Quebrachal' of two 'quebrachos':
This unit of Adamoli et al. (1972) it is also known as 
'quebrachal of quebracho-color ado' (Ragonese & Castiglioni, 1970), plain 
'quebrachal' by Morello & Adamoli (1968), forests of quebracho Colorado 
and quebracho bianco in Cabrera (1971, 1976), 'quebrachaie' in Marlange 
(1972). Also described briefly in Castellanos (1958), Hueck (1959, 1972), 
Sarmiento (1972), Bucher (1982a), and extensively in Morello & Saravia 
Toledo (1959a & b) and Morello & Adamoli (1974). It consists of a 
medium-tall forest, 16-18 m high, with a second arboreal stratum 12 m 
high, and it is the most widespread vegetation unit in this sector. The 
area dominated by this kind of forest coincides roughly with Ragonese & 
Castiglioni (1970) 'Santiaguenian District' in their Western Chaco Park, 
excluding the subdistrict 'Santiaguenian Park' which corresponds to the 
Central Chaco. It also matches well with the 'Woody Chaco' of Morello 
& Adamoli (1968). There are other minor communities within the range 
of this forest, such as the 'iscayantales' of Mimoziganthus carinatus and 
also communities of Tabebuia nodosa in depressed localities, which will 
not be dealt with here. The floristic composition, compiled from Morello 
& Adamoli (1968) and Adamoli et al. (1972) and the author's experience in 
the area, is shown in Table 6.1.
(b) 'Palosantales' of Bulnesia sarmientoi :
Studied by Morello & Addmoli (1968, 1974), Ragonese & 
Castiglioni (1970), Hueck (1972), Adamoli et al. (1972), and as 'forests of 
quebracho Colorado and palo santo' in Cabrera, 1971 & 1976. The 
dominant species, up to 20 m high, is often accompanied by Schinopsis 
quebracho-colorado as a subdominant (Castellanos, 1958) unless the 
community is on clayish, heavy-textured soils with very impeded 
drainage and temporary anaerobiosis (Addmoli et al., 1972). The area 
covered by this unit, with or^without the quebracho Colorado, is what- 
Ragonese & Castiglioni called the 'Matacoan District', to which some 
exclusive species pertain: Jatropha matacensis , Lophocarpinia 
aculeatifolia . The floristic composition shown in Table 6.1 is taken from 
Morello et al. (1971), and Addmoli et al. (1972).
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(c) Arid Chaco Woodland:
Also called 'Quebrachales' of Aspidosperma quebracho-bianco 
in Ragonese & Castiglioni (1970) and Sayago (1969). This community 
appears everywhere within Western Chaco, particularly as a result of 
overgrazing pressure and selective felling (Morello & Saravia Toledo, 
1959a & b), but in the SW of this area it is particularly dominant due to the 
disappearance here of Schinopsis quebracho-colorado . The latter sector 
corresponds to the ’Llanos District' of Ragonese & Castiglioni (1970) and 
also to the Arid Chaco Woodland of Sarmiento (1972). Some authors have 
proposed that this district should be referred to the Monte province on 
account of the high number of Monte intruders, but both Ragonese (1951) 
and Morello (1958) have demonstrated the propriety of keeping it within 
the Chaco. This formation shows an open and scattered arboreal 
stratum comprising isolated individuals of Aspidosperma quebracho- 
bianco , accompanied by mainly Chaco elements but also some Monte 
species, as shown by Sayago (1969, p.159) floristic list (Table 6.1).
2.3.6- Sierra Chaco:
(a) South Sierra Chaco (Pampean Sierra Chaco):
In the western fringe of the region the vegetation covering the 
mountainous ranges of the Pampean Sierras has been considered to be of 
undoubted chaquenian linage and physiognomy, despite a number of 
endemic species in the dominant and subsidiary taxa. The Pampean 
Sierra Chaco received detailed study by Sayago (1969) and Luti et al. 
(1979), but further analysis or mapping can be found in Morello & 
Adamoli (1968), Ragonese & Castiglioni (1970), Cabrera (1971, 1976), 
Marlange (1972), Sarmiento (1972), Bucher (1982a) and Vargas Gil & 
Vorano (1988). However, it was inexplicably overlooked by Hueck (1959, 
1972) and Hueck & Seibert (1981) although these authors do recognize a 
very similar formation further north in the Subandean Sierras. Lewis, 
J.P. (unpublished data) distinguishes three basically different kinds of 
woody associations within the Pampean Sierra Chaco: a) piedmont 
Sierra forest, mainly comprising Prosopis spp.; b) 'quebrachal' of 
Schinopsishaenkeana in middle slope; c) 'mollar' of hithraea ternifolia 
on the slopes above the quebrachal and below the shrublands of 
Flourensia or Heterothalamus spp., and also in the south of this sector 
where S. haenkeana disappears (Lewis & Pire, 1981). The floristic list of
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what Sayago (1969) qualified as the most typical Sierra Chaco forest is 
included in Table 6.1.
(b) North Sierra Chaco (Subandean Sierra Chaco):
A rather more contentious issue is raised by the entity referred
to as the Subandean Sierra Chaco. Some authors have apparently 
merged this unit with the so-called Transitional Forest (Morello & 
Adamoli, 1968; Ragonese & Castiglioni, 1970), whereas others (Hueck, 
1959 & 1972; Cabrera, 1971 & 1976; Marlange, 1972; Adamoli et al., 1972; 
Sarmiento, 1972) have separated them, a treatment favoured here since 
floristic composition clearly links the Subandean to the Pampean Sierra 
Chaco (cf. Marlange, 1972, list for the Lomas de Olmedo area in Table 
6.1). Because it only occupies a small area and interdigitates with the 
several neighbouring phytogeographical provinces, this forest has been 
generally omitted from vegetation maps with the exception of Vervoorst's 
detailed regional map in Hawkes & Hjerting (1969, p. 38).
2.3.7- Azonal woody formations of the Chaco:
(a) Algarrobales' - Prosopis spp. communities:
These thorn woodlands, also called 'raleras' (Morello &
Adamoli, 1974), are found throughout the Chaco proper in low lying 
areas. In E Chaco, if the topographic gradient is followed down from the 
Schinopsis balansae 'quebrachales' towards a high water table, the first 
species to disappear is S. balansae, followed by Caesalpinia 
paraguariensis and most of the accompanying species of the 
'quebrachal', until the arboreal stratum is reduced to mainly Prosopis 
nigra or P. alba dominated stands. These 'algarrobales' are common 
around seasonal swamps or small, somewhat undefined streams; the 
soil is regularly flooded in the rainy season mostly by overflow from the 
adjacent water courses. When the flooding recedes, the salinization 
process of soils is resumed, resulting generally in typical Natracualf or 
Natracuol (Espino et al., 1983). The arboreal stratum may be very 
simple: P. nigra, Geoffroea decorticans, Aspidosperma quebracho-bianco 
and Acacia caven , and is continuous and often dense and just over 3 m 
high (Lewis & Pire, 1981). There is no well defined shrub layer, and- 
during the dry season the herbaceous layer has very low coverage or is 
absent altogether. Further north in the Formosa province (Morello et 
al., 1971) the 'algarrobales' show a much richer composition as shown in 
Table 6.1.
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(b) 'Cardonales' of Stetsonia coryne :
This kind of low-height formation is scarce in Eastern Chaco 
(Lewis & Pire, 1981), but much more frequent in Western Chaco (Sayago, 
1969). It is dominated by candelabra-like individuals of the monotypic 
Cactaceous genus Stetsonia , endemic to the Chaco, and usually 60% or 
more of the strongly saline soil is bare ground or it is covered only by 
mosses and Selaginella sellowii . The stands are very poor in the east, 
but a much richer western one is listed in Table 6.1 from Sayago (1969). 
Similar communities are described by Adamoli et al. (1972), and sub 
'peladares' by Ramella & Spichiger (1989) for Paraguay.
(c) 'Palmares' of Copernicia alba :
These palm groves and savannas usually comprise a nearly 
monospecific open arboreal layer of very variable density, 8 to 10 m high, 
of this fan-leaved palm-tree. They are always found in low lying position 
close to or within marshes, on seasonally flooded alkaline soils 
(Ragonese, 1941; Ragonese & Castiglioni, 1970). The herbaceous layer is 
dominated by Spartina argentinensis, though sometimes Paspalum spp. 
might replace it (Lewis & Pire, 1981). Additional information can be 
found in Markley (1955), Hueck (1959, 1972) and Dahlgren & Glassman 
(1961); references for Paraguay in Fiebrig (1933), Rojas & Carabia (1945), 
Tortorelli (1967), Esser (1982), Spichiger & Ramella (1989) and Ramella & 
Spichiger (1989). Citations of this community in the Bolivian Chaco in 
Werding (1976), and for Brazil in Veloso (1947), Prance & Schaller (1982) 
and Ratter et al. (1988b). The more complete floristic lists of these 
'palmares' available to date refer to the Argentine Chaco, such as those 
in Cabrera (1976) and Lewis & Pire (1981) for the Eastern Chaco shown in 
Table 6.1, together with the author's field experience; the 'palmares' in 
Western Chaco show a somewhat different composition (Morello & 
Saravia Toledo, 1959a; Cabrera, 1971, 1976; Adamoli et al., 1972), and it is 
also provided in Table 6.1.
(d) 'Vinalares' of Prosopis ruscifolia :
In Central and Western Chaco the areas under the influence of - -­
the only three rivers running across the Gran Chaco are ecologically very 
unstable; the lack of energy of these flat plains generates a wide 
divagation of the water courses, and subsequently creates new open 
spaces to be colonized, especially alkaline swamps in dessication (such as
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drying-out abandoned ox-bows). Prosopis ruscifolia is particularly 
adapted to this kind of environment and successfully colonizes large 
expanses of land, even forming virtually monospecific communities with 
no herbaceous layer and where the shrub stratum is the only one to add 
some variability. There is a host of different facies for these woodlands 
according to relative degrees of flooding, salinity or anthropogenic 
influence, as studied proficiently and extensively by Morello et al. (1971). 
In Table 6.1 the floristic composition of a typical 'vinalar' is provided.
2.3.8- Subandean Piedmont Forests (usually known as Transitional 
Forests):
These forests occupy a narrow strip between the dry forests of 
Western Chaco and the more humid Lower Montane Forest (Sarmiento, 
1972) or 'Distrito de las Selvas Montanas' (Cabrera, 1976), extending in a 
meridional fashion from the area of Santa Cruz de la Sierra in Bolivia to 
slightly south of the limit Tucuman-Catamarca provinces in NW 
Argentina. Their very peculiar position as a wedge between two major 
phytogeographical units (the Chaco and Yungas provinces, sensu 
Cabrera, 1976), at an intermediate altitude (350 to 500 m in Cabrera, 1976, 
or 450 to 900 m in Meyer, 1963), and also with intermediate rainfall 
figures (from 700 to 1000 mm) of monsoonian character (Vervoorst, 1982), 
allows for a particular kind of forest to develop with its own floristic 
identity. According to Sarmiento (1972) this formation has the highest 
proportion of deciduous species (79 %) of all the subtropical seasonal 
forests. They are located in the piedmont area of the Subandean 
Mountains in SW Bolivia and NW Argentina (hence their name), but 
their southernmost extension is actually placed in the northern extreme 
of the Sierras Pampeanas in S Tucuman and E Catamarca.
Towards the east and down the topographic gradient these 
forests intermingle with Sierra or Western Chaco, whereas to the west 
and uphill they receive some elements from the Yungas forests. Some 
authors have regarded the Transitional Forests as having more in 
common with the Chaco area than with the Yungas (Hueck, 1959 & 1972; 
Morello & Adamoli, 1968;*Ttagonese & CaStiglioni, 1970; Marlange, 1972; 
Hueck & Seibert, 1981; Vargas Gil & Vorano, 1988). However, leaving 
aside the negligible ecotonal areas with Chaco proper, their floristic 
composition clearly puts them within the Yungas or Tucumanian- 
Bolivian Forests province (Hauman, 1931; Meyer, 1963; Cabrera, 1971,
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1976). Correa Luna (1955) describes a locality in which Piedmont Forest 
occurs side by side with Chaco scrubland, but their elements do not 
intermix at all: at this site there is a relatively dry valley, the lower plains 
of which are covered by Acacia spp., Prosopis spp., Geoffroea 
decorticans , Celtis spinosa , Opuntia sp. and Cereus sp., while small 
elevations within the range of this valley hold Anadenanthera colubrina 
var. cebil , Pterogyne nitens , Ceiba chodatii , all species which can also 
appear in the tall humid forests on the nearby mountains bordering the 
valley. Species of the genera Schinopsis , Caesalpinia , Cercidium do not 
appear in the valley, since they belong to less elevated grounds (i.e. the 
Chaco plains).
There are two major types of forests within this unit, ordered in 
N-S direction by a temperature gradient, and separated by a gap dividing 
the mountainous ranges (Vervoorst, in Hawkes & Hjerting, 1969, p.38) 
which allows the intrusion of Chaco communities into the inner dry 
valleys (e.g. the Lerma valley):
(a) 'Palo bianco’ forest:
This unit takes its name from its most conspicuous dominant, 
the elegant Rubiaceous tree Calycophyllum multiflorum. Also known as 
'Ubergangswalder' in Kanter, 1936; 'Forest with Calycophyllum 
multiflorum' in Hueck, 1954, 1959 & 1972; 'High Mesophytic Forest' in 
Coro, 1956; 'Palo bianco and Palo amarillo’ forest in Cabrera, 1971 & 1976; 
'Paloblancal' in Sarmiento, 1972; 'Bosque Humedo Templado' in 
Unzueta, 1975 (p. 218). It was briefly studied by Frenguelli & Cabrera 
(1938), Meyer (1944), Adamoli et al.(1972) and Marlange (1972), and 
mapped by Hueck (1954), Vervoorst (in Hawkes & Hjerting, op.cit.), 
Unzueta (1975), Hueck & Seibert (1981), and Vargas Gil & Vorano (1988). 
Unfortunately, and despite the apparent wealth of references, this forest 
is one of the least known vegetation units in Argentina, a fact also 
pointed out by Unzueta (1975, p.223) for Bolivia. Placed on good 
agricultural soils, and located along the corridor of the early Spanish 
colonization, it was cleared or well-logged before any settlement was 
established in, for example, neighbouring Chaco forests. The present 
day information on this forest is therefore -extremely-scanty and patchy, 
and although some relictual stands seem to remain in NW Argentina 
and in Bolivia, a thorough phytosociological study has never been carried 
out.
Chapter 2
Chaco - Caatingas floristic links 28
In NW Argentina this unit reaches 30 m high, with white 
straight boles up to 1 m diameter mainly of 'palo bianco' (Calycophyllum 
multiflorum ) and 'palo amarillo' (JPhyllostylon rhamnoides ). A shrub 
layer of about 2 m high makes transit very difficult, together with 
abundant lianas, vines and epiphytes (Cabrera, 1976), which are 
completely absent from the nearby dry Chaco forests. The floristic list of 
Table 6.1 has been compiled from Meyer (1944), Coro (1956), Adamoli et 
al. (1972), and Cabrera (1976).
(b) 'Tipa' and 'Pacara' forest:
This is a latitudinally impoverished version of the previous 
unit, deprived of the two major dominants ('palo bianco' and 'palo 
amarillo'). It underwent a complete destruction by human activity, as 
pointed out by Hauman in 1931, and nowadays sugar cane fields and 
citrus orchards are found instead. Paradoxically the 'tipa' (Tipuana 
tipu ) and 'pacara' (Enterolobium contortisiliquum ) forest is somewhat 
better known than the previous unit, with brief descriptions to be found in 
Hauman (1931), Hueck (1954, 1959, 1972), Meyer (1963), Digilio & 
Legname (1966) and Cabrera (1971, 1976). A complete phytosociological 
survey of a stand, itself transitional between these two subunits, was 
performed by Brown et al (1985) sub 'selva de quina y cebil'. Its floristic 
composition is shown in Table 6.1, compiled from some of the 
aforementioned references.
2.3.9- The Brazilian Chaco problem:
A number of phytogeographical accounts and vegetation maps 
of South America depict a narrow wedge of so-called Chaco vegetation, 
entering into Brazil in SW Mato Grosso do Sul state as a continuation of 
the main area in Argentina, Paraguay and Bolivia (Fig. 1.1). The 
alleged presence of Chaco forests in that area has been reported by 
diverse authors, e.g. Hueck (1955, 1959, 1972), Morello & Adamoli (1968), 
Ragonese & Castiglioni (1970), Cabrera & Willink (1980), Hueck & Seibert 
(1981), Bucher (1982a), Prance & Schaller (1982), Adamoli (1982), Eiten 
(1983), Ratter (1984), Allem & Vails (1987), and Ratter et al. (1988b). The 
first phytogeographer to report 'bosques chaquenhos' within Brazil was 
Hueck (1955), and he included a map showing the extent of the Chaco 
intrusion in Mato Grosso, which has been followed by all subsequent 
workers. However, Prado et al. (in press, b) carried out a survey in the 
spur of Chaco in Brazil in 1989, on the basis of which they segregated the
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vegetation into five major woody communities: a) Diplokeleba -Tabebuia - 
Capparis scrubland; b) Schinopsis balansae parkland; c) Aspidosperma 
- Mimosa scrubland; d) Calcareous woodland; e) Chaquenian forest at 
Porto Murtinho (see Table 6.1 for their floristic composition).
The latter community is the only one they accept as truly 
chaquenian, with about 70% of Chaco elements s.s. between both 
dominant and accompanying species. The first three communities are 
regarded as transitional, since they comprise only a minority of 
chaquenian elements together with cerrado and semideciduous forest 
species. Finally, the Schinopsis brasiliensis -dominated calcareous 
woodlands are absolutely non-chaquenian, both in physiognomy and 
floristic composition, and some of its elements can be found elsewhere in 
South America in formations such as the Caatingas in NE Brazil, the 
Yungas of Bolivia and Argentina (particularly in the so-called 
Transitional forests), and the subtropical forests on both banks of the 
rivers Paraguay and Parana (Prado et al., in press, b). No trace was 
found in the studied area of Schinopsis quebracho-colorado , although 
this should be a very frequent and dominant tree according to Hueck 
(1955), and these authors conclude that a case of mistaken identity with S. 
brasiliensis misled Hueck. Thus, the extent of the Chaco ingression 
into Brazil, which is a meeting place for three different floristic stocks, is 
dramatically diminished, now restricted to a reduced area around Porto 
Murtinho, far less than previously thought and hardly mappable on a 
continental scale.
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Plate 2.1: Some aspects of the Chaco vegetation. Top: scrub dominated by Mimosoideae 
in Quimili, Santiago del Estero, Arg. Center: Elionurus muticus savanna in NW Santa 
Fe, Arg. Bottom: Schinopsis quebracho-colorado forest in Quimili.
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3. THE CAATINGAS VEGETATION
The Caatingas province in NE Brazil extends from 2° 54' S to 
17° 21' S (ca . 850,000 km2), and includes the states of Ceard, Rio Grande 
do Norte, most of Paraiba and Pernambuco, SE Piauf, W Alagoas and 
Sergipe, north and central Bahia, and a wedge extending into Minas 
Gerais following the Sao Francisco river together with an outpost in the 
dry valley of Middle Jequitinhonha river (Fig. 1.1). Fernando de 
Noronha island should also be included (Andrade-Lima, 1981). The 
name 'caatinga' is of Tupf-Guaram amerindian origin and is usually 
taken to mean 'white forest'1, which certainly well characterizes the 
aspect of the vegetation in the dry season, when all leaves have been shed 
and only the bright white trunks of trees and shrubs are left in a 
desiccated landscape. Martius referred to the Caatingas as 
Hamadryades or the descriptive phrases 'silva horrida ' or 'silva aestu 
aphylla ', the latter ('the forest leafless in summer') following local 
custom in treating the rainy season of the Caatingas as 'winter', 
although it actually coincides with the summer solstice.
Unfortunately, the name 'caatinga' has also been widely used 
for the geographical region of NE Brazil, and this has given rise to some 
confusion, as with the similar use of the word 'Chaco' (Castellanos, 
1960). The concept of the Caatinga Region includes areas such as the 
Chapada do Araripe, with cerrado vegetation, or the wetter sectors of the 
'brejos' of Pernambuco, with rain or cloud forests, and excludes areas 
which, although floristieally part of the Caatingas vegetation, are not 
considered to be in the geographical region, such as the dry valley of the 
Jequitinhonha river in Minas Gerais or certain parts of the Rio Grande 
basin in W Bahia. It should also be emphasized that the 
phytogeographical concept of the Caatingas used here does not include 
Amazon Caatingas, which are a floristieally unrelated kind of white­
trunked forests restricted to extremely dystrophic white sands in the 
Amazon region. Following Andrade-Lima (1966a) it is accepted that the 
province should be called ’the Caatingas', in plural, since it includes 
several different physiognomies of vegetation and numerous facies,
1 The Tupf-Guarani etymology consists of the particles ca'.a, plant or forest; it, white 
(derived from moroti. white); and the suffix 'nga (from aaW. resembling, near to 
(Peralta & Osuna, 1952). Thus, "the whitish forest".
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which are generally referred to as ’caatinga’ plus either a vernacular or 
technical epithet (e.g. arboreal caatinga).
3.1- Geology and geomorphology of the Caatingas:
In the Brazilian northeast most of the Caatingas vegetation 
areas are located on intertableland depressions (Ah' Saber, 1974, sub 
'depressoes interplandlticas'), but some localized exceptions occur, such 
as the low 'chapada' (tableland) of Raso da Catarina (Bahia), the 
Borborema range in Paraiba, or the Apodi plateau in Rio Grande do 
Norte where Caatingas vegetation is found not only in the depressions but 
also on the highlands (Andrade-Lima, 1981). In the main, however, this 
province extends over undulated pediplains (Andrade & Lins, 1965, p.21), 
dissected from Cretaceous or Tertiary sediments covering the underlying 
Pre-Cambrian Brazilian Shield (Cole, 1960). A massive process of 
pediplanation took place during the late Tertiary and lower Quaternary 
(Ah' Saber, 1974) to uncover the present-day surface of Pre-Cambrian 
crystalline rocks (gneiss, granites and schists), and leaving only isolated 
relics of the younger surfaces scattered throughout the Caatingas. 
These remnants are referred to as inselbergs (such as those in Quixada - 
Ceara, and Patos - Paraiba), 'serras', or 'chapadas', in order of 
decreasing erosion. Thus, the 'chapadas' usually still show the 
complete features of the original Tertiary sedimentary sandstone 
surfaces, whilst the 'serras' indicate a more advanced stage of the 
process of pediplanation and the inselbergs are the last remains yet to be 
eroded away. In general their vegetation varies accordingly, with 
cerrado vegetation on top of the Tablelands (such as the Chapada de 
Araripe and the coastal 'taboleiros'), semideciduous or evergreen wet 
forests on top of the 'serras' (such as the 'brejos' of Pernambuco; see 
Andrade-Lima, 1964b, and Andrade & Lins, 1964), and dry forests or 
arboreal caatinga formations on the slopes and on the inselbergs (Fig. 
3.1, modified from Cole, 1960). There are also some sedimentary areas 
within the Caatingas, such as those in Rio Grande do Norte - coastal 
areas and the river Mossoro basin (Andrade-Lima, 1964c), and in Bahia 
the Raso da Catarina and sectors under the influence of the Sao 
Francisco river.
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As a result of this genesis of the Caatingas substratum the soils 
are stony and shallow, with a scarcely decomposed bedrock at about 1 m 
deep, and very frequent massive rock outcroppings (Tricart, 1961; Ab' 
Saber, 1974). The slightly undulated, hilly country so characteristic of 
the 'sertao', has originated in the process of pediplanation following two 
main types of erosive processes (Tricart, 1961): millimetric exfoliation, 
peculiar to this province and only some millimetres deep which results 
in abundant sand taken away by run-off waters to the foot of the 
pediments, fashioning the inclined plains typical of the topography of 
the semi-arid NE Brazil; and metric exfoliation, about 1 m deep and 
exploring fissures parallel to the surface, yielding large boulders found 
at the foot of inselbergs and crystalline mounds.
The morphogenetical action of run-off water takes three main 
forms in the Caatingas (Tricart, 1961): a) in crystalline hills with 
abundant naked rock there is an immediate quick drainage of rainfall, 
with scarcely any mechanical effect but mostly chemical corrosion; b) 
diffuse drainage along the pediments, the run-off water carrying away 
the finest particles (clay, silt, fine sand) and leaving behind coarse sand, 
gravel and stones to conform the characteristic extensive detrital 
pavements ; c) concentration of run-off waters downstream of the 
inclined plains, where they join to cut small valleys with temporary 
drainage. The hydrography of the region consists of seasonal 
intermittent watercourses with exorheic drainage (Ab' Saber, 1974); in 
drier years the rivers in the affected sectors become sporadic or 
ephemeral. Such rivers flow during the rainy season, but gradually 
disappear subsequently, and during this annual terminal phase the 
rivers seem to receive a residual feeding from the, at the time, full water 
table; no sooner have the rains ceased than a hydrological inversion takes 
place, this phenomenon being responsible for the disappearance of the 
watercourses: the river feeds back to the water table and dries away until 
the next rainy season.
It has been postulated that during the Quaternary the 
Caatingas did not undergo the marked climatic changes which affected 
other areas of Brazil (Cailleux & Tricart, 1959). The only evidence of a 
Pleistocenic fluctuation has been provided by certain localized layers of 
rough pebbles which seem to be the product of a more torrential regime.
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However, evidence accumulated recently indicates that NE Brazil had an 
even drier climate during certain periods of the Quaternary, originating 
the palaeodune fields of Xique-Xique, Bahia (Ah' Saber, 1977a; Tricart, 
1985). These aeolian formations must have originated when the 
aloctonous Sao Francisco river, the only major perennial river to cross 
the Caatingas, dried up in its middle course (probably close to the locality 
of Barra, Bahia) and the sandy and loamy alluvial sediments previously 
spread in the area were shaped into dunes by mainly easterly winds 
(Tricart, 1985). It is supposed that the middle Sao Francisco and its 
tributaries are presently at a climatic limit of exorheism, and that any 
serious and permanent fall in precipitation will result in endorheic 
conditions (Tricart, 1985) with subsequent increase in salinity.
3.2- Climate:
The semiarid Caatingas, compared to other Brazilian 
formations, hold most of the extreme values amongst the meteorological 
parameters: highest solar radiation, lowest cloudiness, highest annual 
average temperature, lowest percentages of relative humidity, highest 
potential evapotranspiration, and above all the lowest and most irregular 
precipitations, limited in most of the area to a very short period 
year (Reis, 1976). Catastrophic phenomena are very frequent, namely 
droughts and floodings, which have undoubtedly shaped the peculiar 
plant and animal life of the Caatingas. However, it is the scarcity or 
complete absence of rainfall in some years which mostly characterizes 
the region, rather than the rare local occurrence of double or even triple 
level of precipitation (Nimer, 1972). In an attempt to coordinate the study 
of the cyclic droughts successive laws have been passed by the Brazilian 
government to delimit the so-called 'Polygon of Droughts' (Poligono das 
Secas), which now roughly coincides with the phytogeographical 
province of the Caatingas (Fig. 3.2).
The semiarid nature of this area results mainly from the 
predominance of stable air masses pushed from the SE quadrant by the 
Trade Winds, which have their origin in the the action of the South 
Atlantic Anticyclone. The entire eastern coastal Brazil consists of a 
narrow strip of lowlands behind which there is a range of mountains 
extending from Rio Grande do Norte to Rio Grande do Sul: the Serra do 
Mar. When the water-vapour laden Atlantic Equatorial air masses are
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Fig. 3.2: The 'Polygon of Droughts' of NE Brazil. Redrawn from Andrade 
Lima, 1981.
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carried by the Trade Winds against the coastal ranges in NE Brazil, they 
are adiabatically cooled and precipitate annually ca . 2000 mm of rainfall. 
This is the area of the Coastal Atlantic rainforests, where the Atlantic 
Equatorial System loses most of its humidity, while on the rain-shadow 
of the mountain ranges the Caatingas lie under the effect of dry, stable 
air masses (Andrade & Lins, 1965). It is only when the latter encounter 
some of the few elevations left behind by the pediplanation process that 
the 'brejos’ phenomenon takes place as humid islands within a semiarid 
region (Andrade-Lima, 1964b; Andrade & Lins, 1964), since again the air 
mass is raised and cooled, and deposits there its remaining water. The 
low pressure zone known as Intertropical Convergence or Intertropical 
Front, where Trade Winds of both hemispheres meet, lies roughly 
parallel to the Equator at about 10° N. During summer this line of 
encounter moves south of the Equator, bringing high instability to the 
weather of the northern half of the Caatingas from February to April, 
which is the rainy season for most of NE Brazil. The Continental 
Equatorial humid mass originates over Amazonia, producing there very 
heavy convective showers, and it can reach W Caatingas from November 
to January particularly when allied to the southward displacement of the 
Intertropical Convergence. Thus, the rainy season follows a sequence 
from November to January in the west and southwest, to February to 
April in the north and northeast, depending on the penetrations of two 
unstable humid masses coming from the north and west, and on their 
ability to displace a stable, dry i^ss brought in by the Trade Winds. 
Catastrophic droughts happen when the former are unable to reach the 
Caatingas because of the latter (Andrade & Lins, 1965; Reis, 1976).
It has been shown elsewhere (Nimer, 1972; Reis, 1976; 
Andrade-Lima, 1981) that the generally accepted phytogeographical 
concept of the Caatingas coincides roughly with the 1000 mm rainfall 
isohyets (Fig. 3.3). About 50 % of the area receives less than 750 mm, 
while certain localized sectors have under 500 mm, such as the Raso da 
Catarina, together with much of central Pernambuco and central 
Paraiba (Fig. 3.3). However, it is not the total amount of yearly rainfall 
that matters most, but rather the yearly distribution and deviation of the 
mode. Figure 3.4 shows that nearly all of the area under study suffers a 
concentration of 50 to 70 % of rainfall in three consecutives months, thus 
constituting a very strong seasonal climate. Throughout the area the
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Fig. 3.3: Rainfall isolines for NE Brazil (1000 mm isohyet highlighted). 
Modified from Nimer, 1972.
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Fig. 3.4: Percentage of rainfall concentration in three consecutive months 
in NE Brazil. Modified from Nimer, 1972.
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length of the dry season is very variable, ranging from two to three 
months in wet 'brejos', through six to nine months in most of the region, 
and up to 10-11 months in Raso da Catarina (Nimer, 1972). In general 
the dry period increases from the periphery to the center of the 'sertao' 
(Nimer, 1972; Nishizawa, 1976). The most characteristic feature of this 
climate is the extreme irregularity of rainfall from year to year such that 
the average yearly deviation expressed as a percentage ranges from 20 - 
>50 % (Fig. 3.5). Furthermore, those sectors with higher rainfall 
deviations are linked in general to those with a lower yearly total, with 
higher concentration in three months and consequent longer dry period 
(Nimer, 1972). However, since this deviation is an average figure, it does 
not show how marked is the irregularity. Thus, in Table 3.1, rainfall 
figures for Sobral, Ceara, during the period 1934-52 show an 
extraordinary range from 363 to 1348 mm (data from Guerra, 1955).
No frosts have ever been registered in the Caatingas, and the 
lowest temperatures (4°C) within the region occur as an effect of altitude 
in some 'serras' (Fig. 3.6). On the other hand, the average absolute 
maxima are rarely over 40°C (Fig. 3.7), and they are mainly restricted to 
the driest sectors (lower Sao Francisco river, and the Jequitinhonha river 
valley in Minas Gerais), whilst in wetter areas outwith the Caatingas 
such as Para or Goias states temperatures over 40 or 42°C are far more 
frequent (Nimer, 1972). However, very high mean annual temperatures 
are another characteristic feature of the 'sertao' (Reis, 1976), with values 
ranging between 26 and 28°C (Nimer, 1972), although all areas over 250 
m of altitude have lower mean temperatures (20 - 22°C).
3.3- Soils: .
In Section 3.1 the morphogenetical factors which give rise to
the present soils of the Caatingas were explained with regard to parent 
material (crystalline Pre-Cambrian rocks and localized sedimentary 
sectors). The rock surfaces that must generate the subsequent soils 
under weathering action are alkaline, but rainfall water produces a 
dissolution of the bases which are leached away and then an acidic 
microenvironment is created. The formation of clays starts in 
weathering rock, but the prevailing pH (due to the presence or absence of 
bases) will determine its nature; in acidic environment kaolinite is 
formed, while montmorillonite will predominate if rainfall is insufficient
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for salt leaching. According to Tricart (1972, p. 33) "here is a sure 
criterion to delimit the humid tropics from the semiarid zone. In the 
caatinga regions of Brazil [...] films of salt accumulate between the 
crystalline hills, indicating an insufficiency of salt leaching. Kaolinite 
cannot form in such circumstances." Thus the predominant clay to be 
found is montmorillonite, responsible for a particular kind of soils, 
Grumosols or Vertisols, which are very common in the interfluvial 
platforms across the Caatingas pediplane. Indeed, Vertisols have been 
regarded as the climatogenic soils of this area (Ah' Saber, 1974 & 1977a).
Perhaps the commonest soil class are the Non-Calcic Browns 
(Beek & Bramao, 1968; Bautista, 1986), frequently ranging from Vertic 
with intermediate features to Vertisol (Figueiredo Gomes, 1981), with a 
textural B horizon and characteristic stones and boulders in surface. 
Given the nature of the region, Entisols and particularly Lithosols are 
very abundant, derived by weathering of parent rocks. Extensive rock 
outcroppings are regionally called .'lajedos', which act ecologically as 
desertic environments and where only succulent plants are to be found 
(generally Pilosocereus gounellei and Encholirium spp.). Pediments 
covered by a more or less continuous layer of stones (Desertic Pavements) 
are also frequent. Incipient soils can be found under the stone layer of 
some Lithosols, and pockets with thin Vertisols or moderately deep 
alkaline soils are frequent (Ah' Saber, 1974) in the intermingling of soils 
resulting from the different erosive phases (Beek & Bramao, 1968). Some 
Solonetz with high concentration of clay and sodium in the B horizon 
occur in localized areas of Ceara and Bahia (Ah' Saber, 1974), and in Rio 
Grande do Norte in more extended areas on the Mossoro river valley 
(Figueiredo, 1987). Also very restricted areas locally called 'salgados' 
(brackish) can occur, where intermittent rivers fail to reach a major 
river. However, it should be emphasized that it is only the exorheic 
character of the Caatingas drainage that prevents halomorphic soils 
from being a much more prominent feature of the region (Ah' Saber, 1974 
& 1977a). Also noteworthy are the presence of rather isolated areas with 
red soils (Dark Red Latosols, in Bautista, 1986) with a prismatic B 
horizon, which are mainly located in the highest areas of the 
intertablelands depressions (Ab* Saber, 1974) and which represent the 
remnants of what has been called the 'sertao old surface' which has 
escaped complete pediplanation. Such red soils, also reported by Tricart
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(1961), are apparently true palaeoferralitic soils, and are found in 
western Pernambuco, Alagoas, and Rio Grande do Norte, where they are 
covered by dense arboreal caatinga. The existence of these soils within a 
semiarid region is regarded as evidence for more humid climates in the 
Upper Pleistocene than those of the present-day, and they could have 
supported dry or even wet tropical forests (Ab1 Saber, 1974). Other 
important classes of soils reported from the Caatingas are the poorly 
studied calcimorfic soils in Ceard, Bahia and particularly Rio Grande do 
Norte (Andrade-Lima, 1964c; Ab' Saber, 1974), alluvial and some 
hydromorphic soils related to watercourses (Ab' Saber, 1974; Figueiredo 
Gomes, 1981; Figueiredo, 1983), and the deep sedimentary sandy soils 
usually known as Areias Quartzosas in Brazil (Quarztpsamments, 7fch 
Appr.) which occur in the Cip6 series in Pernambuco and Raso da 
Catarina, Bahia (Andrade-Lima, 1981).
3.4- Vegetation of the Caatingas1:
The Caatingas can be characterized as woodlands, both forests 
and scrublands, comprising mainly low, deciduous trees and shrubs, 
many of which present spines or thorns, microphylly and some xerophytic 
features. Cactaceae and Bromeliaceae are abundant whilst lianas are 
very scarce, and a few evergreen species (Ziziphus joazeiro , Capparis 
yco, Copernicia cerifera , Maytenus rigida , Licania rigida ) also occur. 
The herbaceous layer is ephemeral and dominated by therophytes of the 
families Malvaceae, Portulacaceae and Graminae. Although 
succulency is found mainly in Cactaceae and Bromeliaceae, water 
storage organs are typical in some other cases (i.e. Spondias tuberosa , 
Cavanille&a artiotea , Ceiba glaziovii , Jacaratia sp., Manihot spp., 
Luetzelburgia auriculata ).
Two terms closely linked with Caatingas and their 
phytogeographical concept are 'agreste' and 'sertao', and a brief 
discussion of these is necessary to clarify the subsequent analysis. 
Agreste is the name applied to a narrow strip of vegetation extending 
between the Serra do Mar ranges in the east, where rain forests thrive, 
and the drier hinterlands to the west. It has an elongated shape with a 
general north-south direction, and it can be found from Rio Grande do 
Norte to central Bahia, where it is replaced in this transitional position by
1 A more detailed analysis of caatinga floristic elements is given in Sect. 4.2.
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the so-called 'mata de cip6‘. The agreste enjoys a better rainfall regime 
(up to 1000 mm/year), and it is less subject to catastrophic droughts, since 
it benefits from the residual humidity of the SE winds. Its vegetation 
shares most of its features and species with the vast semiarid expansions 
to the west: deciduousness, thorny plants, abundant cacti and bromeliads 
on stony ground, generalized microphylly, and the more characteristic 
woody and succulent species in the agreste all occur in the rest of the 
Caatingas, such as Schinopsis brasiliensis , Pilosocereus gounellei , 
Aspidosperma pyrifolium , Cereus jamacaru , Caesalpinia pyramidalis , 
Tabebuia impetiginosa , T. caraiba , Commiphora leptophloeos , 
Cnidoscolus phyllacanthus , Mimosa spp. (Andrade-Lima, 1954, 1960, 
1970, 1973). Thus, as Andrade-Lima demonstrated, the agreste should 
be regarded as part of the Caatingas, as a hipoxerophilous variant of the 
communities to be found to the west.2
The term 'sertao' is very much widely used in Brazil, from Sao 
Paulo state to the Northeast with the rather vague meaning of 
uncultivated place or zone, short of resources, removed from major 
populations and civilization (Egler, 1951). The English words such as 
hinterland, backlands or bush are used in a similar way. More 
debatable is the connotation of the word sertao in NE Brazil. Luetzelburg 
(1922-23) claimed that the driest and resourceless parts of the Caatingas 
were called sertao, while the rest was considered caatinga proper, 
particularly the areas where Cereus jamacaru , a cactus used as fodder, 
could be found. Egler (1951) was opposed to the use of the term sertao 
because of its vagueness, and proposed to separate agreste from caatinga 
proper, but as noted above this division has been shown to be inadequate. 
However, Vasconcelos (1941) and Andrade-Lima (1954, 1960, 1970) 
considered that the Caatingas should be simply divided into agreste and 
sertao , that is the transitional eastern sector on one side and the dry 
hinterlands on the other. This criterion is followed by the present 
author.
In SE Piauf there is a complex ecotone where the Caatingas 
meet Cerrados vegetation and varying communities can occur. There 
exist several degrees of transition between these major formations, i.e.
2 The name 'agreste' has also been applied to the very different cerrado vegetation on 
top of the Chapada do Araripe, Ceard.
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(a) semideciduous cerrado, with some few caatinga elements, (b) the 
'carrasco' or 'catanduva', with about equal proportion of cerrado and 
caatinga elements but also with some exclusive elements, and (c) typical 
caatinga with sparse cerrado elements (Eiten, 1972; Andrade-Lima, 
1978). It is notable, however, that in this area the cerrado vegetation is 
largely confined to sedimentary sectors with sandy soils, while the 
Caatingas tend to appear in sectors affected by diabasic rock outcroppings 
with much more fertile soils (Andrade-Lima, 1978; Emperaire, 1983), 
even though the rainfall regime is the same at ca . 1000 mm/year. -
There have been several attempts to classify the vegetation of 
the world according to its physiognomy (Schimper, 1903; Drude, 1913; 
Trochain, 1957; Ellenberg & Mueller-Dombois, 1967). A number of 
authors have also devised hierarchical physiognomic classifications of 
vegetation at a continental (Beard, 1944 & 1955; Smith & Johnston, 1945; 
Eiten, 1974) or Brazilian level (Castellanos, 1960; Rizzini, 1963; Veloso & 
Goes Filho, 1982; Eiten, 1983). No attempt is made here to analyse these 
systems, since the emphasis of this study is on the floristic links of the 
Caatingas, but probably Eiten (1974 & 1983) provides the most detailed 
and useful survey of the different structural types of the Caatingas 
vegetation. At the other extreme, it is very difficult to accept the use of 
the word steppe ('estepe') to denominate this formation as employed by 
Radambrasil (Veloso & Goes Filho, 1982), taken on board from the 
Yangambi Agreement (Trochain, 1957). The Russian and Siberian 
steppes are grasslands, sometimes with scattered low shrubs, which 
undergo a severe winter with frozen soil, and its use for the Caatingas 
has already been challenged by Kuhlmann (1974).. Once again, however, 
this is a purely geographic term and its use for vegetation physiognomy 
has been rejected (Tanfiljew, 1905; Cain & Castro, 1959, p. 48).
The physiognomy of the Caatingas vegetation is very variable, 
depending on the rainfall regime and soil type, ranging from a tall, dry 
forest up to 15-20 m high, e.g. the ’arboreal caatinga' (the true caatinga of 
the Tupf indians, according to Andrade-Lima) found scattered from 
Bahia (Andrade-Lima, 1975) and Minas Gerais (Magalhaes, 1961) to Rio 
Grande do Norte (Andrade-Lima, 1964c) on somewhat better soils and in 
more humid localities, to rock outcroppings with scattered and sparse 
low shrubs, cacti and bromeliads in crevices. Intermediate
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physiognomic forms are numerous but they can be reduced to a few 
generalized types, such as 'open arboreal caatinga with an open shrub 
layer', 'shrubby-arboreal caatinga with a closed shrub layer', 'closed 
thorn scrub with scattered overtopping low trees' - which is perhaps the 
most common kind of present-day caatinga community (Eiten, 1974 & 
1983), 'closed thorn scrub', 'open shrubby caatinga' (common in areas 
with extended shallow soils), 'scrub savanna with shortgrass layer' 
('serido'; Andrade-Lima, 1966a; Eiten, 1983), and 'Copemicia palm 
groves' along intermittent rivers mainly in NW Caatingas province.
Another group of authors have tried to analyse and identify the 
different units of vegetation in the Caatingas, following floristic- 
physiognomic criteria but with most of the weight on the floristic 
composition of the communities. A landmark effort in this sense was 
that by Luetzelburg (1922-23) in his 'Estudo Botanico do Nordeste', a work 
based on the author's extensive travels throughout the Caatingas over a 
10 year period. His classification, although interspersed with 
taxonomical and conceptual mistakes (Andrade-Lima, 1954), can still be 
seen as the framework for the overview by Andrade-Lima (1981). 
Luetzelburg divided the Caatingas roughly into two classes: 1) shrubby or 
scrub caatinga ('caatinga arbustiva'), and 2) arboreal caatinga or 
caatinga forest ('caatinga arborea'), which he then subdivided in several 
groups:
Class 1: Scrub Caatinga
1.1- Euphorbia - Croton - Caesalpinia caatinga
1.2- Mimosa - Caesalpinia caatinga
1.3- Spondias - Caesalpinia - Cnidoscolus caatinga .
1.4- Cereus - Mimosa - Spondias - Bromelia caatinga
1.5- Combretum - Aspidosperma - Caesalpinia caatinga
1.6- Jatropha - Cnidoscolus - Mimosa caatinga
1.7- Chorisia - Mimosa - Manihot caatinga
1.8- Caatinga-carrascal or 'caatinga suja' [literally: dirty caatinga]
1.9- Caatinga serrana (mountain caatinga)
Class 2: Arboreal Caatinga
2.1- Aspidosperma - Schinopsis (sub Melanoxylon ) - Piptadenia 
caatinga
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2.2- Chorisia - Piptadenia - Spondias caatinga
2.3- Cocos coronata - Copernicia cerifera - Cocos comosa (sub 
Mimosa ) caatinga
Some of these units have been recognized or slightly modified by 
Andrade-Lima (1981), such as groups 1.3 or 2.1 and 2.2 . In group 2.1 
Melanoxylon is in fact Schinopsis , one of the common mistakes in this 
work, while Mimosa in group 2.3 must be a compilation error
for Cocos (-Syagrus) comosa , the catol6 palm, which occasionally occurs 
in Caatingas (Glassman, 1987). Group 1.8 is clearly what is known as 
'carrasco' or 'catanduva' (Andrade-Lima, 1978; Emperaire, 1983; 
Oliveira et al., 1988), a transitional type of vegetation with the Cerrados in 
SE Piauf which, whilst it includes species of caatinga, is floristieally, 
physiognomically and phenologically (semideciduous) closer to cerrado 
vegetation, and it is not accepted here as part of the Caatingas. The term 
'suja' alludes to the fact that these communities have mixed elements of 
the Cerrados formation. Group 1.9 refers to low or dwarfed scrubby 
vegetation on inselbergs and dry sierras, mainly on rock outcroppings, 
but not to arboreal caatinga which can occur on less dry slopes nor to the 
wet 'brejos' which occur in the east of the Caatingas and are floristieally 
excluded from the province. Hueck (1972) criticised Luetzelburg's 
classification, and presented it in his own work "only for historical 
reasons", but in fact his strictures are rather insubstantial, and he 
simply succeeded in having Luetzelburg's mistakes perpetuated and 
compounded, including the most obvious errors such as the 
misidentification of Schinopsis for Melanoxylon .
Rizzini (1963), in his floristic-phytosociological study of 
Brazilian vegetation, concluded that the Caatingas should be treated as a 
subprovince of what he called the 'Atlantic Province', on account of what 
he regarded as the very close floristics links between the Caatingas and 
the coastal forests. Thus, Rizzini's 'Northeastern Subprovince' 
includes:
1- Agreste sector: deciduous xerophilous forests;
2- Sertao sector: thorny and succulent scrub, which also involves 
three internal districts, 2.1: Copernicia cerifera palm consociations; 2.2: 
higromontane rain forests ('brejos'); 2.3: xeromontane savannas and 
woodlands on sedimentary surfaces ('agreste' of Araripe);
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3- Seridd sector: semiarid scattered scrub and succulent scrub;
4- Fernando de Noronha Island: agreste type of woody vegetation, 
with a six months long dry season.
Rizzini (1963) grouped together disparate kinds of vegetation which have 
little in common with the Caatingas as accepted by most authors, either 
floristically or physiognomically, such as the cerrado vegetation of the 
Chapada do Araripe and coastal taboleiros, and the rain- and 
cloudforests of the 'brejos'.
Veloso (1964) also presented a vegetation map of the Northeast, 
but he divided the region into subregions (which he called 
physiognomical areas) based on geographical criteria. The result is 
inadequate for the phytogeo graphical synthesis which was intended 
since, although most of the Caatingas are grouped together, several 
facies are separated into different so-called 'subregions', e.g. the agreste 
is fragmented and sometimes confused with cerrado vegetation but never 
associated to the Caatingas. For the bulk of the Caatingas, denominated 
Semiarid Vegetation of Eastern Northeast, from which Veloso correctly 
detached the Serra do Araripe cerrado, the vegetation of the pediplains 
was classified as follows:
a- 'caatinga formation'3: predominantly deciduous thorny 
vegetation. This was further subdivided into three subclasses based on 
their physiographic position on the terrain (instead of their floristics): 
(a.l) sandy tablelands caatinga, with dense shrubby vegetation 
interspersed with trees; (a.2) caatinga of the depressions, shrubby with 
occasional trees; (a.3) caatinga on inselbergs and arid depressions, with 
vegetation in scattered clumps and spiny succulents.
b- 'forest formation': deciduous, thorny, arboreal vegetation 
interspersed with evergreen trees. This evidently refers to arboreal 
caatinga, as described by Andrade-Lima (1981), but the presence of 
evergreen trees cannot possibly be used to characterize it since they occur 
throughout the Caatingas (e.g. Ziziphus joazeiro ).
3 Veloso (1964) misused the term "formation", which is a physiognomic vegetation unit 
with similar structure and a characteristic essential habitat, and it is independent of 
the flora (Beard, 1944, 1955). A "caatinga formation" would be possible only if it had 
a physiognomy exclusive to it, which is certainly not the case. The Caatingas can easily 
fit into Beard's (op.cit.) "thorn woodland", and so does the Chaco. At the other extreme, 
"forest formation" is too ambiguous.
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Schnell (1966) also proposed a simplified classification of the 
Caatingas, with (1) dense dry forests with some swollen-trunk tree 
species, (2) dense scrub with large Cactaceae, (3) open scrub with a 
'steppic' character, and (4) diffuse caatinga with spaced bushes in the 
driest areas. Hayashi & Numata (1976) attempted to classify the 
Caatingas on the basis of life forms, but this study was too reduced in 
geographical scope to be of value.
The most coherent and comprehensive work on this vegetation 
is that by Andrade-Lima (1981). This overview, which treats the 
Caatingas as a Dominium (a chorionomic unit equivalent to the more 
widely used Province unit. Takhtajan, 1986), builds on Luetzelburg's 
substantial pioneer reports, but is also the result of Andrade-Lima's 
numerous previous studies which dealt with particular areas of the 
Caatingas as a whole, and especially with the vegetation of the state of 
Pernambuco (Andrade-Lima, 1953, 1954, 1960, 1961, 1964b, 1964c, 1966a, 
1966c, 1967b, 1970, 1971, 1973, 1975, 1977, & 1978). Essentially, Andrade- 
Lima's concept of the Caatingas, which was basically a floristic 
conception of the province without losing contact with the physiognomy 
and ecology of the vegetation, is the one followed here.
Table 3.2, modified from Andrade-Lima (1981), shows in a 
condensed manner the main units of vegetation and community types for 
the Caatingas, which includes a new vegetation type proposed here. A 
brief discussion on the units follows:
UNIT I: Veg, Type 1. Tall Caatinga Forest. It is entirely agreed that this 
is a member of the province; although the physiognomy of this 
community is very distinct to that of other vegetation types within 
the Caatingas, the clear-cut leafless period and above all the 
floristic composition firmly link this forest-type to the province. 
Genera and species dominant here are common throughout the 
Caatingas, and sometimes they will appear only in caatinga areas
- (e.g. Commiphora leptophloeos ). Certainly some alien 
mesophytic species are also to be found in this type of forest, but 
they are always only minor members of the community. See also 
Magalhaes (1961), Andrade-Lima (1971, 1975, 1977), Magalhaes & 
Ferreira (1976, apud Andrade-Lima, 1981), Ratter et al. (1978). In
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Ceard a kind of mid-slope Mata Seca (dry forest) or mesophilous 
forest has been described by Figueiredo (1984) which lack the 
swollen-trunk Bombacaceae but in all other respects seems to be 
arboreal caatinga with some mesophilous elements. Out of 16 
species mentioned by this author, 10 are members of caatinga 
forests and an eleventh is very occasionally found (Syagrus 
comosa}. In E and SE Bahia the 'mata de cipo' (lianas forest) 
seems to comprise a wide transition between the coastal 
rainforests and the inner Caatingas, and consists of different types 
of dry deciduous forests and subhumid semideciduous forests. At 
least some facies of them contain typical species of caatinga 
(Andrade-Lima, 1971). There is very little knowledge about this 
formation, a fact also remarked by Begue (1967 & 1968), but some 
short but accurate descriptions (Andrade-Lima, 1966a, 1971; see 
also Noblick, in litt.., in Plowman, 1987) allow for the inclusion of 
at least some of the dry forests as arboreal caatinga.
UNIT II: Veg, Types 2, 3, 4 & 6 (for veg. type 13, see below), typical 
Median Caatinga Forest, with variable density in the tree layer, 
7-15 m tall. Very widespread and common unit of vegetation 
throughout NE Brazil, probably with a multitude of facies of which 
Andrade-Lima commented on four. Several of the dominant 
species in Unit I also appear as scattered elements in these kind of 
communities, such as Anadenanthera colubrina var. cebil , 
Commiphora leptophloeos , Astronium urundeuva , Schinopsis 
brasiliensis , and Amburana cearensis . Most of Andrade-Lima's 
papers carry at least one description of this vegetation type; also in 
Figueiredo Gomes (1981), Figueiredo (1983 & 1987), Figueiredo & 
Fernandes (1985), Carvalho (1986).
UNIT III: Veg. Type 5, Low Caatinga Forest. A very distinct unit, 
described in somewhat more detail in Egler (1951) and Andrade- 
Lima (1960, 1970). Very restricted in area to the sandy soils in 
south-central Pernambuco (Moxoto tableland) and northern Bahia 
(Raso da Catarina), and characterized by the species Pilosocereus 
piahuiensis , Poeppigia procera , Dalbergia cearensis , 
Pilosocereus tuberculatus . The palm Syagrus coronata 
('ouricouri') can also occur here in fairly big populations, but
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although Egler and Andrade-Lima (op . cit .) mentioned the 
species previously, the latter author failed to include it in his 
overview (Andrade-Lima, 1981).
UNIT IV: Veg, Types 7, 8, 9 & 10, Dense or Open Shrubby Caatinga. 
This is the most widespread vegetation type nowadays, and it is 
still a contentious matter as to what extent it is entirely natural or 
man-induced. Although the influence of man in the area has 
been marked, to consider this unit as a completely secondary 
vegetation would seem to grossly underestimate the homeostatic 
ability of these ecosystems. On the contrary, Carvalho (1986) for 
instance found stability as the main feature of the Caatingas of 
western Pernambuco for the period 1955-1983, together with a 
moderate expansion of agriculture, despite the probably heavy 
human pressure in the intervening years. Furthermore, it is a 
striking coincidence that this Unit IV corresponds geographically 
to the driest areas within the province, such as the Sao Francisco 
valley (type n° 7), the 'serido' (type n° 9), or the vegetation of the 
Cariris Velhos, Paraiba (types n° 8 & 10, in the Borborema 
Plateau), with the lowest rainfall record of the Caatingas 
(Cabaceiras: 252.4 mm/year; Figueiredo Gomes, 1981). Moreover, 
there is a direct correlation between rainfall, soil depth, and soil 
permeability to height and density of the community (Sampaio et 
al., 1981), which would allow one to predict the vegetation type to be 
found in one area. This unit consists typically of scattered trees of 
species such as Amburana cearensis,Spondias tuberosa , 
Aspidosperma pyrifolium , in a shrubby matrix of Caesalpinia 
spp., Mimosa spp., Jatropha spp., and Acacia spp.. More 
information on this unit is available in Vasconcelos (1941), Egler 
(1951), most of Andrade-Lima's papers, Anon. (1980), Figueiredo 
Gomes (1981), Figueiredo (1987).
UNIT V: Veg, Type 11, Low Open Shrubby Caatinga. Very restricted in 
surface and area, on shallow sandy or gravelly soil under a long 
dry period (8-9 months). Dominated by Pilosocereus gounellei , 
Calliandra depauperata and Melocactus bahiensis , the unusual 
small height of this community (0.70-1 m) seems to be caused by 
grazing (Andrade-Lima, 1981). Only reported in the literature by
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Andrade-Lima (op . cit .), its status is doubtful to the present 
author who visited one small stand of this community in Ceard. It 
seems very probable it is simply the result of heavy overgrazing 
and therefore of indirect anthropic influence, but further research 
is necessary.
UNIT VI: Veg, Type 12, fringe forest along watercourses mainly in 
Piaui, Ceara and Rio Grande do Norte. Physiognomy dominated 
by the palm Copemicia cerifera ('carnauba'), accompanied by 
Licania rigida , Geoffroea striata , Sideroxylon obtusifolium , 
Erythrina velutina , Ziziphus joazeiro , Capparis yco . The 
dominant palm-tree species, the Chrysobalanaceous tree Licania 
rigida and perhaps Capparis yco are not only endemic to the 
Caatingas but also to this limited environment , where there is 
relatively constant supply of water from the water-table during 
droughts, and it is flooded in the rainy season. The very slow 
dessication of heavy alluvial soils causes salinization, a rather 
rare phenomenon in the Caatingas. Descriptions of this 
vegetation type can be found in Andrade-Lima (1954, 1964c, 1978), 
Emperaire (1983), Figueiredo (1987).
UNIT II: Veg. Tyne 13, Median Caatinga Forest. This comprises a new 
addition to Andrade-Lima's classification which is proposed here. 
The existence of such a unit was indicated by Andrade-Lima (1981) 
who commented: "In the states of Rio Grande do Norte and Ceara, 
this unit {II) presents a facies (which may be an independent unit 
of its own to be recognized after further studies) in which 
Auxemma oncocalyx is one of the dominant species". During 
field work in Ceara the present author had the opportunity to visit 
several stands of this community, and can confirm that it should 
constitute a separate entity since it shows a distinct subset of 
species which are largely restricted to this vegetation type: 
Auxemma oncocalyx , Mimosa caesalpiniifolia Csabia'), and in 
piedmont- areas Luetzelburgia auriculata Cpau moc6') (Lima, 
1982), and, less consistently, Thiloa glaucocarpa . The community 
is sometimes dominated by other widespread species such as 
Astronium urundeuva , Anadenanthera colubrina var. cebil ,
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Aspidosperma pyrifolium , Caesalpinia pyramidalis, which share 
the canopy with Auxemma oncocalyx .
Chapter 3
Plate 3.1: The caatinga vegetation at Parnamirim, Pernambuco, Brazil. Tod: angico' 
and jamacaru' predominate in open shrubland. Center: shrubby caatinga with sparse 
Commiphora leptophloeos. Bottom: the 'umbu, Spondias tuberosa.
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4. WOODY AND SUCCULENT SPECIES FLORISTIC LISTS
To evaluate the floristic links between the Chaco and the 
Caatingas vis-h-vis the rest of seasonal forests and woodlands of South 
America basic .floristic lists of both provinces were needed. These have
• been built up based on the following sources: 
a- Exsiccata obtained on loan from diverse Herbaria (G, GH, A, E), plus 
visits to K, BM, E, UB, UEC, IPA, EAC and UNR.
b- Exhaustive checks on taxonomic literature and verification of identity 
of those species cited in floristic lists and phytogeographical accounts, 
c- Field experience of the present author.
- In general all species cited in the following tables have been
reported in at least two reliable floristic studies or phytogeographical
.. .-accounts, whereas the sole mention of a taxon in monographic 
treatments is taken as enough evidence of its occurrence in the area 
under study.
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iiu75 136; Terminalia fagifolia Mart. & Zucc. catinga-de-porco : 280,397,208,51
,761 137 Thiloa glaucocarpa (Mart.) Eichl. sipauba, vaqueiro 138,12,51,106,173
19 CONVOLVULACEAE
77 138: Ipomoea asarifolia (Desr.)R.& Schult. ........................................... salsa, rama-de-peba
.......
208,106
139 Ipomoea carnea Jacq. subsp. fistulosa 
(Mart, ex Choisy) D. Austin
I. fistulosa Mart, ex
Choisy
matacabra
............................................................
17,18,415, h.s.
20 ERYTHROXYLACEAE
781 140 Erythroxylum betulaceum Mart. E.rosuliferum Schulz ? rompe-gibao grande 280,418,106,360
141 Erythroxylum bezerrae Plowman 360,359
142 Erythroxylum caatingae Plowman imbuzeiro bravo 360
„ : 143 Erythroxylum campestre St.-Hil. 280,418
144 Erythroxylum flaccidum Salzman 280,418
145 Erythroxylum macrochaetum Miq. ...... ......................... 280,418,360
146 Erythroxylum maracasense Plowman 360
147 Erythroxylum nummularia Peyritsch rompe-gibao pequeno 280,418,400,180,
106
148 Erythroxylum oxypetalum O.E. Schulz 208,360
149 Erythroxylum pelleterianum St.-Hil. 280,418360
150 Erythroxylum petrae-caballi Plowman 360
151 Erythroxylum polygonoides. Mart. 418,360
152
i
Erythroxylum pungens O.E. Schulz
—.....
rompe-gibao 280,418,397,360,
337
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* 90 202 Caesalpinia bracteosa Tul. catingueira, pau-de-rato, pau-
santo
33,34,153,174,51,
262,337,36
203 Caesalpinia calycina Benth. 262
*
......
204 Caesalpinia ferrea Mart, ex Tul.
var. ferrea
C.f. var. cearensis
Huber
pau ferro 262
var. glabrescens Benth. 262
parvifolia Benth. [C. leiostachya (Benth.)
Ducke]
pau ferro, juca 280,17,283,28,397,
170,153,180,51,106
173,262,337,36,282
205: Caesalpinia gardneriana Benth. 262
206 Caesalpinia laxiflora Tul. ....... 397,262
* 207 Caesalpinia microphylla Mart, ex Tul. catingueira rastreira, c.de porco,
arranca-estribo, catinga de porco
280,17,18,397,168,
153,200,106,262,36
* 208 Caesalpinia pyramidalis Tul.
...........-..... . ...-... ,..........
catingueira, catinga de porco, pau-
de-rato, mussitaiba
280,17,18,22,397,
168,170,180,51,106
173,262,212,36,282
* 91 209 Cenostigma gardnerianum Tul. C.angustifolium Tul. caneleiro, canela de velho 33,153,51,262
210 Cenostigma macrophyllum Tul. 262
92 211 Chamaecrista acosmifolia (Benth.)
Irwin & Barneby var. acosmifolia
Cassia acosmifolia
Benth.
262
212 Chamaecrista amiciella (I&B)Ir.& Bar. Cassia amic. Ir.&Bar. 1 262
Chaco-Caatingas floristic links Chapter 4 91
213: Chamaecrista barbata (Nees & Mart.) 
Irwin & Barneby
Cassia barbata Nees &
Mart.
262
214 Chamaecrista belemii (I.& B.)Ir.& Bar. Cassia belemii I.& Bar. flor-de-Sao Joao 262
215 Chamaecrista carobinha (I&B)Ir.&Bar. Cassia carob. Ir.&Br. 262
* 216 Chamaecrista desvauxii (Coll.) Killip 
var. latifolia (Benth.) Irwin & Barneby
y
Cassia uniflora Mill.
var. latif Bth.; Cassia
piauhiensis Irwin
262
217 Chamaecrista pascuorum (Bth.) I.& B. Cassia pascuor. Benth. 262
218 Chamaecrista rotundifolia (Pers.)
Greene var. rotundifolia
Cassia rotundifolia
Persoon
pasto-rasteiro 280,262
219 Chamaecrista supplex (Benth.) Br.& R. Cassia supplex Benth. cabeleira 174,262
220 Chamaecrista zygophylloides (Taub.) 
Irwin & Barneby
Cassia zygophylloides
Taub.
280,262
93 221 Copaifera coriacea Mart. C.cordifolia Hayne copaiv(b)a branca, pau d’61eo 144,51,262
H 222 Copaifera langsdorffii Desf. C.grandiflora (Benth.)
Malme;C.nz/zcfa Hayne
pau d’dleo do sertao, copaiba
vermelha
280,144,180,154,
51,262
223 Copaifera luetzelburgii Harms 144
224 Copaifera martii Hayne C. rigida Benth. pau d oleo, jatoba 144,262
91 225 Dipty chandra aurantiaca Tul. subsp. 
epunctata (Tul.) Lima, Carv. & Costa
D. epunctata Tul. birro branco, bird 397,153,51,262
95 226 Goniorrhachis marginata Taub. itapicuru, itapicuru preto 397,32,35,51,262
96 227 Hfrnenaea courbaril L. var. courbaril jatoba 18,51
c
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* 253 Acacia piauhiensis Benth. jurema branca, espinheiro, rama-
de-boi
280,397,174,106,
262
254 Acacia polyphylla DC. espinheiro 262
255 Acacia riparia Kunth unha-de-gato 394,262
105 256 Albizia blanchetii (Benth.) Lewis Pithecellobium
blanchetii (Bth.) Benth.
canzil, canela-de-burro, saia-de-
comadre
51,262
* 257 Albizia polyantha (Spreng.f.) Lewis Cathormion polyanthum
(Spr.)Bk.;
Pithecellobium
m ult iflorum (Kth)B enth
canafistula, muquem, munze,
canafistula-de-boi
280,17,18,31,397,
34,51,262,36
258 Albizia polycephala (Benth.) Killip Pithecellobium
polycephalum Benth.
monze, camunze, camondongo,
candieiro
17,51,262
* 106 259 Anadenanthera colubrina (Veil.) Bren.
var. cebil (Griseb.) Altschul
Piptadenia macrocarpa
Benth.; P.m. var. cebil
(Gris.)Ch.&Hassl.; A.
7nacrocarpa(Bent.)Br.
angico, angico-preto, angico-
jacar6, angico-vermelho, angico-
de-casca, angico-manso, angico-
de-umbigo
17,18,11,31,32,
168,34,170,153,
180,200,51,106,
173,262,337,36
* 107 260 Calliandra depauperata Benth. carqueja, carqueijo, alecrim,
umari-bravo
18,34,153,174,106,
173,262,337,36
261 Calliandra leptopoda Benth. 280,262,36
262 Calliandra macrocalyx Harms C. villosiflora Harms 397,262
263
i
Calliandra squarrosa Benth. C. catingae Harms 262
Chaco-Caatingas floristic links Chapter 4 95
Ch
ac
o-
Ca
at
in
ga
s f
lo
ris
tic
 li
nk
s 
Ch
ap
te
r 4
'•» -i*i »**•■ ;;
r-
Ch
ac
o-
Ca
at
in
ga
s f
lo
ris
tic
 li
nk
s 
Ch
ap
te
r 4
oo
ct\
Ch
ac
o-
Ca
at
in
ga
s f
lo
ris
tic
 li
nk
s 
Ch
ap
te
r 4
O.
Os
Ch
ac
o-
Ca
at
in
ga
s f
lo
ris
tic
 li
nk
s 
Ch
ap
te
r 4
o
o
Ch
ac
o-
Ca
at
in
ga
s f
lo
ris
tic
 li
nk
s 
Ch
ap
te
r 4
w8
8
cn
43
CM
CO
CM
s
L^J
CM
CO
Ol
S3
ci
CM
co
t-
CM
t>
8t>05
CM
OO CO
CM
CO
Cl
CM
CO
in,-4
CM CM
s
CM
CM
co
CM
05
CM
00
cm ; 
CO ; 
Cl
in
o'
00
CM
t-
o-
05
CM cm n
d
k
no
a>ft
d
dft
d
ho
d
4-3
aJ
d
o
d
no
<D
ho
§
d
dft
o
no
4
di
V
XCJ
'O
di
d
d
o
o
d
d
k
30
d
'd
no
d
dk
d
o
d
d
rC
d
£
'd
o
£
d
CD
O
k
co
'd
43
o
id
k
o
-d
o
6
•c
<4
t-4
s
d
k
*d
CD
3
CJ
03
a)
ho;
o
>
43
4-5
a
CD
P
co
cd
"3
S?
co
3
g,
CD
3
C
•q
S3
as
S
*rH
P
*3
e
"3
3
3
s°:
3
3
CD
N
40
CD
3
k
$
d
d
d
d
§
s. £
d
oI
co
s
d
•d
d
d
-o
k
o
<3.
A
Pa
3
40
3l—-O
3
CD
k,
3
3
3
S?
3
3
cd o 
& 4440
CD
3
CD
2
p
>
o
44
as
r*
co
§1
CD
3
3
3
gO:
3
O
hoo
>
k.
CD
3
3
CD
.3
co
too
>
40
co
3
§?
3
£
3
k.
3
3
CD
.3
hO:
O
>
3
k.
CD
40
o4
CD
3
CD
k.
CD
3
•Si
;3
£
CD
P
O
P
«&
co
a
w
3 a
40
CD
3
3
P
£
3
co
3
3
co
3
40
3
O
3
CD
3
40
3
3
cd
IM
ho
o
>
co
3
§>
CD
CD
43
4-5
£
CD
P
3
40
3
■g
o
CD
3
3
co
co
3
40
3
I
k.
CD
3
3
CD
;3
3
O
!
CM
3
£>
Os
S3
3f«-o
p
O
•iO
3
1—I
55
oS
:•:■■•;.
i s?
Ch
ac
o-
Ca
at
in
ga
s f
lo
ris
tic
 li
nk
s 
Ch
ap
te
r 4
/-'it
<NO
Ch
ac
o-
Ca
at
in
ga
s f
lo
ris
tic
 li
nk
s 
Ch
ap
te
r 4
coG
Ch
ac
o-
Ca
at
in
ga
s f
lo
ris
tic
 li
nk
s 
Ch
ap
te
r 4
3
r—<
Ch
ac
o-
Ca
at
in
ga
s f
lo
ris
tic
 li
nk
s 
Ch
ap
te
r 4
V)
o
Ch
ac
o-
Ca
at
in
ga
s f
lo
ris
tic
 li
nk
s 
Ch
ap
te
r 4
VO
o
Ch
ac
o-
Ca
at
in
ga
s f
lo
ris
tic
 li
nk
s 
Ch
ap
te
r 4
r-
o
Ch
ac
o-
Ca
at
in
ga
s f
lo
ris
tic
 li
nk
s ' 
Ch
ap
te
r 4
42 n" ■ ULMACEAE .................... ’’™n "
—
191 4251 Celtis pubescens (Kunth) Sprengel C.boliviensis Pl.ex DC;
C. brasiliensis Gard, ex
Planchon
44, h.s.
1921 426 PKyllostylon brasiliensis Capanema carne-d'anta, pau-branco,
vareteiro
103,35,400,51
43 n hrm i
...... ; VSLLOZIACEAE
193 427 Xerophyta cinerascens Roem. & Schult. Vellozia ciner. Mart. canela-de-ema, perna-d’ema 207,153,36
428 Xerophyta plicata (Mart.) Spreng. Vellozia plicata Mart. canela-de-ema 280,32,36(p.l2)
44 VERBENACEAE
194 429 Amasonia campestris (Aubl.) Mold. 208,153?
195 430 Lantana caatingensis Moldenke 208
431 Lantana camara L. cambara, camara
............................................. ...............
280,32,153,400,
106,173,337,282
196 432 Lippia bahiensis Moldenke 208
433 Lippia gracilis Schauer 280,208,400
197 434 Stachytarpheta sanguinea Mart.ex Sch. 280,208
* 198 435 Vitex gardneriana Schauer salgueiro, jaramataia, jeremataia 138,17,18,415,
397,51,337,36
45 VITACEAE
199 436 Cilssus coccinea Mart, ex Planch. cipo-gordo, cipo-de-cobra 32,106,36
437 Cissus simsiana Roem. & Schult. cipo-de-vaqueiro, parreira 32,208,106
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52 Cordia trichotoma (Veil.) Arrab. ex 
Stdud.
[complex with C.
alliodora (R.&P.) Oken]
afata, afata blanca, afata grande 9,97,256,193
39 53 Patagonula americana L. guayaibi, g.blanco, sauquillo,
guayabil
134,97,256
40 54 Saccelium lanceolatum Humb.& Bonpl. guayabil, g.negro, guayibil 134,302,256
55 Tournefortia lilloi Johnst. 134
56 Tournefortia rubicunda Salzm. ex DC. 134
13 BROMELIACEAE ........ . ............ .............. ............................................
42 57 Aechmea distichantha Lemaire
■ ■■ ' .............
caraguata 379,432
C 43 58 Bromelia serra Grisebach chaguar, cardo gancho 9
C 44 59 Dyckia ferox Mez ........................... -............... chaguar 432
C 60 Dyckia floribunda Grisebach D. chaguar Castell. chaguar 432
61 Dyckia velascana Mez 432
14 BGDDLEJACEAE
,J5 ..62 Buddleja albotomentosa R.E. Fries 97
15 CACTACEAE
46 63 Brasiliopuntia brasiliensis (Willd.) 
Berger
Opuntia argentina Gr.;
O.hieronymi Gris.
76,112,90
C I 47 64 1Cereus validus Haworth C.forbesii Otto ucle 9
C 48 65 Cleistocactus smaragdiflorus 
(Web.)Br.& Rose
Cereus smaragdiflorus
Weber
uvillinche, cogote de suri 240
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5. PATTERNS OF DISTRIBUTION OF CHACO AND CAATINGAS 
SPECIES IN THE NEOTROPICS
5.1- Chaco endemics and other characteristic species of the Chaco:
In the previous chapter the woody and succulent species of the 
Chaco have been listed; 136 genera and 297 species occur in what is here 
understood as Chaco sensu stricto . Only eight genera are strictly 
endemic to the phytogeographical province, all of them monotypic: 
Stetsonia , Setiechinopsis , and Castellanosia in the Cactaceae, 
Lophocarpinia , Mimozyganthus and Stenodrepanum in the 
Leguminosae, and Amphipetalum and Grahamia in the Portulacaceae. 
Table 5.1 lists 92 species here regarded as exclusive to the Chaco, which 
represent ca . 31% of the total number of woody and succulent Chaco 
species. Distribution maps are given for 12 of these species: 
Aspidosperma triternatum , Lophocarpinia aculeatifolia , Maytenus 
spinosa , M. vitis-idaea , Prosopis fiebrigii , P. kuntzei , P. ruscifolia , P. 
vinalillo , Schinopsis cornuta , S. quebracho-colorado , Tabebuia nodosa 
and Ziziphus mistol (Figs. 5.1 to 5.12, respectively).
Some of the remaining species are virtually endemic to the 
Chaco since they extend only marginally into neighbouring provinces, 
such as Aspidosperma quebracho-bianco and Schinopsis balansae 
(Figs. 5.13 & 5.14), which are two of the most characteristic trees of the 
Chaco, but they extend to transitional communities in Mato Grosso do 
Sul (Prado et al., in press, b). Similarly, although Prosopis affinis is a 
typical chaquenian species, it extends as far east as to Rio Grande do Sul 
in Brazil or W Uruguay (Fig. 5.15). However, the Chaco shares the 
highest number of species with the Monte province of the arid west of 
Argentina (Sarmiento, 1972 & 1975; Solbrig, 1976). Some of these are of 
mainly chaquenian distribution but can also be important members of 
the Monte province (sensu Morello, 1958), such as Geoffroea decorticans 
(Fig. 5.16), which also extends to the Chilean Espinal and dry inter­
andean valleys in Bolivia and Peru. Prosopis alba does not cross the 
Andes, but it extends to the Monte and dry valleys of Bolivia and Peru 
(Fig. 5.17), whereas P. nigra and P. sericantha only extend from typical 
Chaco into neighbouring Monte (Figs. 5.18 & 5.19). The low shrub P. 
reptans shows a more marked disjunction: whilst P. reptans var. 
reptans is largely restricted to the Chaco and it is absent from any
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TABLE 5.1
GENERA ENDEMIC TO CHACO S.S.
N9 of spp
CACTACEAE
Castellanosia 1
Setiechinopsis 1
Stetsonia 1
FABACEAE
Lophocarpinia 1
Mimozyganthus 1
Stenodrepanum 1
PORTULACACEAE
Amphipetalum 1
Grahamia 1
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SPECIES ENDEMIC TO CHACO
ANACARDIACEAE
1- Schinopsis cornuta Loes.
2- Schinopsis heterophylla Rag.& Cast.
3- Schinopsis quebracho-colorado (Schlecht.) Barkley & Meyer 
APOCYNACEAE
4- Aspidosperma triternatum Rojas Acosta
? 5-Vallesia glabra (Cav.)Link.
ARECACEAE ,
Q-Trithrinax biflabellata Barb. Rodr.
ASCLEPIADACEAE
7-Marsdenia castillonii Lillo ex Meyer 
ASTERACEAE
3-Flourensia campestris Gris.
^-Flourensia oolepis Baker
10-Heterothalamus alienus OK.
BIGNONIACEAE
YL-Tabebuia nodosa (Grisebach) Grisebach 
BROMELIACEAE
12- Bromelia hieronymi Mez
13- Bromelia urbaniana (Mez) L.B.Smith 
VYDyckia ragonesei Castellanos 
lb-Dyckia tweediei Mez
CACTACEAE
13-Castellanosia caineana Card.
? 17-Cereus comarapanus Card.
? 13-Echinopsis chacoana Schutz
? YYEchinopsis minuana Spegazzini
? 2Q-Echinopsis schaferi Br. & Rose
? 21-Eriocereus guelichii (Speg.)Berg
? 22-Eriocereus martinii (Lab.)Ricc.
? 23-Eriocereus pomanesis (Web.) ?
? 24:-Gymnocalycium capillensis Hosseus
? 2b-Gymnocalycium ragonesei Castellanos
2Q-Monvillea cavendishii (Monv.)Br.& Rose
27-Monvillea spegazzinii (Weber)Br.& Rose 
? 23-Opuntia brunnescens Br. & Rose
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29-Opuntia quimilo Schumann 
? 3Q-Opuntia retrorsa Spegazzini
? 31-Opuntia salagria Castellanos
32- Setiechinopsis mirabilis (Speg.) Backg. ex de Haas
33- Stet sonia coryne (Salm-Dyck) Br.& Rose
34- Trichocereus andalgalensis (Web.)Hos.
35- Trichocereus lamprochlorus (Lem.) Br. & Rose
3Q-Trichocereus spachianus (Lem.) Rice.
CAPPARIDACEAE
? 31-Capparis retusa Grisebach
38- Capparis salicifolia Grisebach
39- Capparis speciosa Grisebach
? 40-Capparis tiveediana Eichler
CELASTRACEAE
41- Afaytenws spinosa (Gris.) Lour.&O'Don. 
CHENOPODIACEAE
42- Atriplex eximia Soriano 
EUPHORBIACEAE
43- Jatropha chacoana Ferndndez Casas
44- Jatropha matacensis Castellanos 
FABACEAE
CAESALPINIOIDEAE
45- Bauhinia argentinensis Burkart var. argentinensis
46- Caesalpinia paraguariensis (D.Parodi) Burkart
47- Caesalpinia stuckertii Hassler
48- LopZmcarpinfa aculeatifolia (Burk)Burk.
49- Senna acanthoclada (Gris.) Irwin & Barneby 
bO-Senna chacoensis (Bravo) Irwin & Barneby
51- Senna spiniflora (Burkart) Irwin & Barneby
52- Stenodrepanum bergii Harms
MIMOSOIDEAE
53- Acacia curvifructa Burkart
54- Mimosa detinens Benth.
55- Mimozyganthus carinatus (Gris.) Burkart . .
56- Prosopis elata (Burkart) Burkart
bl-Prosopis fiebrigii Harms
58- Prosopis hasslerii Harms
59- Prosopis kuntzei Harms
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60- Prosopis pugionata Burkart
61- Prosopis rojasiana Burkart
62- Prosopis ruscifolia Gris.
63Prosopis vinalillo Stuckert 
PAPILIONOIDEAE
64- Apurimacia dolichocarpa (Gris.) Burkart
65- Sophora linearifolia Gris.
MALVACEAE
66- Wissadula densiflora R.E.Fries 
MENISPERMACEAE
67- Odontocarya asarifolia Barneby 
NYCTAGINACEAE
63- Bougainvillea campanulata Heim. 
66-Bougainvillea infesta Gris. 
76-Bougainvillea praecox Gris.
POLYGONACEAE
71- JBuprechtia triflora Gris. 
PORTULACACEAE
72- Amphipetalum paraguayen.se Bacigalupo
73- Grahamia bracteata Gill, ex Hook. & Am. 
RHAMNACEAE
74- Condalia montana Castellanos 
76-Ziziphus mistol Gris.
SANTALACEAE
76- Acanthosyris falcata (Mart. & Eichl.) Gris. 
SIMARUBACEAE
77- Castela coccinea Gris.
SOLANACEAE
73-Capsicum chacoense A.T.Hunziker 
7^-Lycium athium Bernardello 
66-Lycium morongii Britton 
31-Lycium nodosum Miers 
62-Solanum argentinum Bitt. & Lillo 
33-Solanum chroniotrichum Morton
STERCULIACEAE
? 34-Ayenia acalyphifolia Gris.
65-Ayenia cordobensis (Hieron.) Hieron.
? 36-Ayenia eliae Cristdbal
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? 87-Ayenia lingulata Gris.
? 88-Ayenia o'donellii Cristdbal
VERBENACEAE
? 8§-Aloysia gratissima (Gill. & Hk.) Tr. var. chacoensis (Mold.)
Botta
ZYGOPHYLLACEAE .
9Q-Bulnesia bonariensis Gris.
91- Bulnesia foliosa Gris.
92- Bulnesia sarmientoi Lorentz ex Gris.
Chaco - Caatingas floristic links
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neighbouring phytogeographical area, Burkart (1976) cites this variety for 
a reduced area in Peru (Fig. 5.20); more strikingly, P. reptans Bentham 
var. cinerascens (A.Gray) Burkart is found on saline soils in Texas and 
adjoining Mexico (Burkart,op .cit .).
On the other hand, some typical Monte species extend deep into 
the Chaco (e.g. Larrea cuneifolia and L. divaricata , see Morello & 
Adamoli, 1974), or sometimes with more peripheral intrusions, e.g. 
Bulnesia retama , and B. schickendantzii in the Llanos district of the 
Chaco in La Rioja (Ragonese & Castiglioni, 1970), or Monttea 
schickendantzii and Ramorinoa girolae in very reduced areas of the 
Sierra Chaco (Ragonese & Castiglioni, op .cit .; Luti et ah, 1979).
Some species are restricted in the Chaco to the mountainous 
areas of central Argentina in the Sierra Chaco where they are not only 
typical but also dominant, such as Lythraea ternifolia and Schinopsis 
haenkeana (Figs. 5.21 & 5.22). However, neither is exclusive to the 
Chaco; the former is occasionally found in the Monte province (Morello, 
1958; Digilio & Legname, 1966) while the latter, in much less abundant 
populations than in the Sierra Chaco, is a member of the so-called 
Transitional Forests in NW Argentina and S Bolivia (Digilio & Legname, 
1966; Ragonese & Castiglioni, op .cit .). Fig. 5.22 shows a cluster of dots 
for Schinopsis haenkeana in central Bolivia, based on herbarium 
material seen by the present author. According to Herzog's travel notes 
(1910 & 1912), which provide virtually the only data available for the 
vegetation of this sector, S. haenkeana seems to be both a member of 
deciduous forests on the eastern slopes of the Altiplano (Herzog, 1910) 
linked to the Argentine Subandean Piedmont Forests, and also member 
of communities in dry inner valleys (Herzog, 1912). The geographical 
area and floristic list coincides fairly well with Unzueta's (1975, p.101) 
'monte espinoso subtropical', but he cites S. cornuta instead (probably a 
misidentification for S. haenkeana ), of which there are no known 
collections for dry interandean valleys but only within Chaco s.s. (see Fig. 
5.9, and Meyer & Barkley, 1973).
5.2- Caatinga endemics and other characteristic species of the Caatingas:
It has been proposed by both Rizzini (1963) and Andrade-Lima 
(1982) that the level of endemicity in the Caatingas is "too small to suggest
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that the caatinga has its own unique flora which arose in the region" 
(Andrade-Lima, 1982, p. 247) at the specific and particularly the generic 
level. Andrade-Lima (1982) cited only three genera as endemic: 
Fraunhoffera , Auxemma and Apterokarpos . The latter is a somewhat 
contentious generic split from Loxopterigium (apud Barkley, 1962a), 
which was invalidly published by Rizzini (1975) since no basionym was 
cited. However, the number of endemic genera is in fact much higher 
since, as far as this author is able to ascertain from the available 
literature and herbarium material, there may be 12 endemic genera 
(and one endemic section) out of a total of 199 for the Caatingas (see Sect. 
4.2), as follows: Auxemma (Boraginaceae; see map of Fig. 5.23), 
Haptocarpum (Capparidaceae), Fraunhoffera (Celastraceae; see map of 
Fig. 5.24), Neoglaziovia (Bromeliaceae), Neesiochloa (Graminae), 
Arrojadoa , Stephanocereus , Tacinga and Zehntnerella (Cactaceae), 
Blanchetia and Telmatophila (Asteraceae), and the recently described 
Alvimiantha of the Rhamnaceae (Grey-Wilson, 1978).
At the specific level the degree of endemicity is even more 
impressive, since within the Caatingas area sensu Andrade-Lima 
(1966a) there appear to be ca . 183 endemic and possibly endemic species 
(Table 5.2) out of a total of 437 species as ascertained from literature and 
herbarium material. This gives a level of endemicity of ca . 42% of the 
Caatingas species. Some examples of this kind of distribution are: 
Bauhinia catingae , B. estivana and B. flexuosa (Fig. 5.25), Cordia 
dardani and C. leucocephala (Fig. 5.26), Cratylia mollis and C. nuda 
(Fig. 5.27), Hymenaea eriogyne (Fig. 5.28), which appears to overlap 
slightly into the neighbouring Cerrados in W Bahia, Maytenus rigida 
(Fig. 5.29), Mimosa adenophylla , M. glaucula and M. morroensis (Fig. 
5.30), Patagonula bahiensis (Fig. 5.47), Mimosa coruscocsesia ,M. 
nothopteris and M. xique-xiquensis (Fig. 5.37), Alseis involuta and 
what seems to be a new species in the genus Simira of the Rubiaceae 
(Fig. 5.31), the typical 'umbuzeiro' of the Caatingas Spondias tuberosa 
(Fig. 5.32), and the two endemics of the genus Ziziphus , Z. cotinifolia 
and Z. joazeiro (Figs. 5.33 & 5.34).
There are also some peculiar kinds of distributional patterns 
which deserve separate comment. Commiphora leptophloeos (sub 
Bursera leptophloeos ) was assumed until very recently to be another
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TABLE 5.2
GENERA ENDEMIC TO THE CAATINGAS
N2 of spp
ASTERACEAE
Telmatophila 1
Blanchetia 1
BORAGINACEAE
Auxemma 2
BROMELIACEAE
Neoglaziovia 1
CACTACEAE
Arrojadoa 2
Stephanocereus 1
Tacinga 3
Zehntnerella 1
CAPPARIDACEAE
Haptocarpum 1
CELASTRACEAE
Fraunhoffera 1
EUPHORBIACEAE
Manihot sect. Glaziovianae 7
POACEAE
Neesiochloa 1
RHAMNACEAE
Alvimiantha 1
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SPECIES ENDEMIC TO THE CAATINGAS
ANACARDIACEAE
1- Loxopterigium gardneri Engler
2- Spondias tuberosa Arruda 
APOCYNACEAE
3- Aspidosperma riedelii Mull. Arg. subsp. oliganthum 
(Wood.) Marc.-Ferr.
ARECACEAE
4- Copernicia cerifera (Arr.Cam.) Mart.
5- Syagrus coronata (Mart.) Becc.
6- Syagrus microphylla Burret 
1-Syagrus vagans (Bondar) Hawkes
8- Syagrus wedermannii Burret
9- Syagrus x matafome (Bondar) Glassm. 
ASTERACEAE
19-Blanchetia heterotricha DC.
H-Telmatophila scolymastrum Mart, ex Baker
BIGNONIACEAE
12- Godmania dardanoi (J.C.Gomes) Gentry
13- Jacaranda irwinii A.H. Gentry
14- Tabebuia spongiosa Rizzini 
BOMBACACEAE
? 15-Er iotheca parvifolia (Mart.& Zucc.) Robyns
16- Pseudobombax simplicifolium Robyns 
BORAGINACEAE
17- Auxemma glazioviana Taub.
18- Auxemma oncocalyx (Fr.All.) Taub.
19- Cordia dardani Taroda
20- Cordia globosa (Jacq.) Kunth
21- Cordia leucocephala Moricand
22- Patagonula bahiensis Moricand 
BROMELIACEAE
23- Aechmea eurycorymbus Harms
24- Bromelia laciniosa Mart, ex Schult.
2b-Cottendorfia florida Schultes f.
26-Dyckia limae L.B. Smith 
21-Dyckia pernambucana L.B. Smith
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2&-Encholirium spectabile Mart, ex Schult. 
2$-Hohenbergia catingae Ule
30-Neoglaziovia variegata Mez
CACTACEAE
Chaco - Caatingas floristic links
31- Acanthocereus? albicaulis Br. & Rose
32- Acanthocereus brasiliensis Br. & Rose •
33- Arrojadoa penicillata (Giirke)Br.& Rose
34- Arrojadoa rhodantha (Giirke )Br.& Rose
35- Austrocephalocereus dybowskii (Gosselin) Backeberg
36- Austrocephalocereus purpureus (Giirke) Backeberg
37- Brasiliopuntia bahiensis (Britt. & Rose) Berger
38- Cereus jamacaru P.DC. non SD. ex Pfeiffer
39- Discocactus bahiensis Britt. & Rose
4Q-Discocactus placentiformis (Leh.) Sch.
41- Discocactus zehntneri Britt. & Rose
42- Eriocereus adscendens (Giirke) Berger
43- Espostoa ulei (Giirke) Buxbaum
44- Leocereus bahiensis Britt. & Rose
45- Melocactus bahiensis Britt. & Rose
48-Melocactus horridus Werdermann
41-Melocactus oreas Mi quel
48- Melocactus zehntneri (Br.& Rose) Back.
49- Opuntia palmadora Britt. & Rose
59-Pereskia aureiflora Ritter
bl-Pereskia bahiensis Giirke
52- Pereskia stenantha Ritter
53- Pilosocereus catingicola (Giir.)B.& Row.
54- Pilosocereus chrysostele (Vaup.) Byl. & Rowl.
55- Pilosocereus glaucescens (Lab.) Byl.& Rowl. 
5Q-Pilosocereus gounellei (Web.) Byl. & Rowl.
57- Pilosocereus piauhiensis (Giirke) Byl. & Rowl.
58- Pilosocereus tuberculatus (Werd.)Byl.& Rowl.
59- Pilosocereus zehntneri (Br.& R.)Byl.& Rowl. 
QQ-Quiabentia zehntneri (Br.& R.)Br.&Rose 
Ql-Stephanocereus leucostele (Giirke) Berger
82- Tacinga atropurpurea Werdermann
83- Tacinga braunii Esteves
84- Tacinga funalis Britton & Rose
Chapter 5
Chaco - Caatingas floristic links 143
§5-Zehntnerella squamulosa Britton & Rose 
CAPPARIDACEAE
66-Capparis jacobinae Moric. ex Eichler
87- Capparis yco Mart.
88- Haptocarpum bahiense Ule 
CELASTRACEAE
8Q-Fraunhoffera multiflora Mart.
7 Q-Maytenus rigida Mart.
CHRYSOBALANACEAE
71- Licania rigida Bentham 
COMBRETACEAE
72- Combretum monetaria Martius
? 73-Combretum pisonioides Taub.
7b-Combretum rupicola Ridl. 
ERYTHROXYLACEAE
75-Erythroxylum betulaceum Mart. 
78-Erythroxylum bezerrae Plowman
77- Erythroxylum caatingae Plowman
78- Erythroxylum maracasense Plowman 
1Q-Erythroxylum macrochaetum Miq.
80- Erythroxylum petrae-caballi Plowman
81- Erythroxylum polygonoides Mart.
82- Erythroxylum pungens O.E. Schulz 
EUPHORBIACEAE
? 83-Cnidoscolus bahianus (Ule) Pax & Hoff.
84- Crofon argyrophylloides Mull.Arg.
85- Croton sincorensis Mart.
88-Croton sonderianus Mull.Arg.
? 87-Croton zehntneri Pax & Hoffm.
88- Ditaxis desertorum (Mull.Arg. )Pax & Hoffm.
89- Ditaxis malpighiacea (Ule)Pax & Hoffm.
? QQ-Jatropha mutabilis (Pohl) Baill.
Ql-Manihot brachyandra Pax & Hoffm. 
Q2-Manihot catingae Ule 
Q3-Manihot dichotoma Ule 
Q^-Manihot epruinosa Pax & Hoffm. 
Q5-Manihot glaziovii Mull.Arg.
QQ-Manihot heptaphylla Ule
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97- Manihot maracasensis Ule
98- Manihot pseudoglaziovii Pax & Hoffm.
? 99-Sapium argutum (Mull.Arg.)Huber
? 199-Sapium cicatricosum Pax & Hoffm.
101-Sapium sceleratum Ridley
FABACEAE
CAESALPINIOIDEAE
? 192-Bauhinia acuruana Moric.
103-Bauhinia catingae Harms
? 104-Bauhinia cheilantha (Bong.) Steud.
193-Bauhinia estivana Wund. ined.
1Q6-Bauhinia flexuosa Moric.
? 107-Bauhinia pentandra (Bong.) Vog. ex Steud.
? 108-Caesalpinia bracteosa Tul.
? 109-Caesalpinia calycina Benth.
? 110-Caesalpinia laxiflora Tul.
111- Caesalpinia microphylla Mart, ex Tul.
112- Caesalpinia pyramidalis Tul.
? 113-C ha maecrist a amiciella (I&B)Ir.& Bar.
? 114-Chamaecrista barbata (Nees & Mart.) Irwin & Barneby
? 115-Chamaecrista carobinha (I&B)Ir.&Bar.
116- Diptychandra aurantiaca Tul. subsp. epunctata (Tul.)
Lima, Carv. & Costa
117- Hymenaea eriogyne Benth.
? 118-Peltogyne pauciflora Benth.
119-Se/ina acuruensis (Bth.)I&B var.catingae (Harms)I.&B. 
var. interjecta Ir. & Bam. .
? 120-Senna gardneri (Benth.)Ir. & Barneby
? 121-Senna martiana (Benth.)Ir. & Barneby
? 122-Senna rizzinii Irwin & Barneby
MIMOSOIDEAE 
123-Acacia bahiensis Benth.
? 124-Acacia piahuiensis Benth.
? 125-Calliandra depauperata Benth.
? 126-Calliandra leptopoda Benth.
? 127-Callicindra squarrosa Benth.
? 128-Chloroleucon dumosum (Benth.) Lewis
? 129-Chloroleucon foliolosum (Benth.) Lewis
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13Q-Mimosa adenophylla Harms
131- Mimosa coruscaesia Barneby
132- Afimosa glaucula Barneby
133- Mimosa misera Benth.
134- Mimosa morroensis Barneby
135- Mimosa nothopteris Barneby
133-Mimosa pseudosepiaria Harms
131-Mimosa xiquexiquensis Barneby sp. nov. ined. 
133-Parapiptadenia blanchetii (Benth.) Vaz & M.P. Lima 
13$-Parapiptadenia zehntneri (Harms) M.P. Lima & Lima 
143-Piptadenia obliqua (Pers.) Macbr.
141- Piptadenia stipulacea (Benth.) Ducke
142- Pithecellobium diversifolium Benth.
143- Stryphnodendron piptadenioides Marts.
PAPILIONOIDEAE
? 144-Acosmium fallax (Taub.) Yakovl.
145-Coursetia rostrata Benth.
143-Coursetia vicioides (Nees&Mart.) Benth. 
141-Cratylia mollis Mart, ex Benth.
143-Cratylia nuda Tul.
149-Dalbergia catingicola Harms
153- Dalbergia cearensis Ducke 
151-Dalbergia decipularis Rizz. & Matt.
? 152-Discolobium hirtum Benth.
? 153-Lonchocarpus araripensis Benth.
154- Luetzelburgia andrade-limae Lima
? 155-Luetzelburgia bahiensis Yakovl.
? 153-Poecilanthe ulei (Harms) Arr. & Rudd
157-Pterocarpus ternatus Rizzini
? 153-Pterocarpus villosus (Mart, ex Benth.)Benth.
? 15$-Pterocarpus zehntneri Harms
133-Riedeliella magalhaesii (Rizz.)L.& Vaz
MALVACEAE
161-Gaya aurea St.-Hil.
132- H.erissantia crispa (L.) Briz.
133- Herissantia tiubae (K.Schum.) Briz.
134- Pavonia andrade-limae H.Mont.
135- Sida galheirensis Ulbr.
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? 166-Wissadula contracta (Link) R.E. Fries
? 167-Wissadula patens (St.-Hil.) Gxirke
MYRTACEAE
1G8-Campomanesia eugenioides (Cam.) Leg. var. 
desertorum (DC.) Landrum 
NYCTAGINACEAE
? IGQ-BougainviUea glabra Choisy
OLACACEAE
17 Q-Ximenia coriacea Engler 
RHAMNACEAE
171- Alvimiantha tricamerata Grey-Wilson
172- Ziziphus cotinifolia Reiss.
178-Ziziphus joazeiro Mart.
RUBIACEAE
174-AZseis involuta Schum.
? 17 5-Guettarda angelica Mart, ex Mull. Arg.
IIG-Simira sp. Aublet 
STERCULIACEAE
177-Melochia betonicifolia St.-Hil.
? 178-Waltheria ferruginea St.-Hil.
VELLOZIACEAE
17 9-Xerophyta cinerascens Roem. & Schult.
180- Xerophyta plicata (Mart.) Spreng. 
VERBENACEAE
181- Lantana caatingensis Moldenke
? 182-Lippia gracilis Schauer
? 188-Vitex gardneriana Schauer
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exclusive species of the Caatingas, where it is a frequent and typical 
contorted tree. However, Ratter (1987), Ratter et al. (1988b), and above all 
the taxonomic treatment of this species by Gillet (1979) have shown that 
there are isolated disjunctions away from the main center in the 
Caatingas. On calcareous ground in Corumbd (Mato Grosso do Sul) and 
in the Ilha do Bananal (Goias) this tree is found in deciduous forests 
which have a floristic composition strongly related to that of the 
Caatingas in NE Brazil. Moreover, Ule collected this species in hills in 
Roraima state (Fig. 5.35). A different case is posed by Hymenaea 
velutina (Fig. 5.36), which whilst certainly a caatinga species (Lee & 
Langenheim, 1975) can also be found in cerradao in N Piaui and 
neighbouring Maranhao. This pattern seems to be followed by some 
other typical caatinga species which when extending into Piaui mix with 
cerrado elements in the 'carrasco' vegetation (see Sect. 3.4). Such is the 
case of Piptadenia obliqua (the 'catanduva' tree), Cenostigma 
gardnerianum, both characteristic species of the carrasco (Andrade- 
Lima, 1978; Emperaire, 1983), and sometimes Luetzelburgia auriculata 
(Lima, 1982). The famous and useful 'sabia' of the sertao in Ceara is not 
an endemic either of that state nor even to the Caatingas as a whole (Fig. 
5.37), contrary to Fernandes (1989); Mimosa c&salpiniifolia has also been 
collected in Maranhao state, in the Amazon close to Manaus, and in 
the Atlantic Forest in Bahia (Lewis, 1987), although its occurrence in 
such areas is rather occasional and never as massive as in Ceara. 
Another similar case is Mimosa exalbescens (Fig. 5.30), which is not 
only a caatinga species but can also appear in secondary vegetation in 
Maranhao (Barneby, 1985).
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5.3- Neotropical seasonal forests pattern;
In the Neotropics, from Mexico to Argentina, there is a
discontinuous extension of deciduous and semideciduous forests which 
occur at low to mid-altitude and usually on mineral-rich soils, under a 
more or less strongly seasonal climate with a well-defined dry season of 
variable length. The similarity between the different fragments of this 
formation is not only physiognomical but also floristic. Thus, there are a 
number of woody species (which includes the most important Caatinga 
elements) whose pattern of distribution in the Neo tropics closely follows 
the geographical dispersion of these seasonal forests, and many of them 
are exclusive to this formation.
_________ •w.' ■ r
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5.3.1- Residual Pleistocenic Seasonal Formations Arc (Pleistocenic Arc):
A number of taxa seem to be restricted to a peculiar pattern of
distribution in central South America which must have originated in the 
wet-dry climatic oscillations in the late Pleistocene. During the last dry 
period in South America, equivalent to the northern hemisphere Wurm- 
Wisconsin glaciation, about 18,000 to 12,000 years ago, there appears to 
have been an expansion of semiarid vegetation in the continent (Damuth 
& Fairbridge, 1970; Ab' Saber, 1977b; Brown & Ab’ Saber, 1979; Ab' Saber, 
1982). Ab’ Saber (1977b) postulates that during this period caatinga-like 
vegetation, which has an adaptive link to mineral-rich soils, may well 
have surrounded a central core area of cerrado vegetation in central 
Brazil, which in turn very probably extended into the Amazon region, 
whereas tropical rain-forests contracted everywhere into relatively small 
pockets in climatically more privileged areas. After the climax of the dry 
period there was a slow and gradual return to present-day wetter 
conditions during the last 12,000 years. The return of the more humid 
climate would be accompanied by leaching and acidification of soils, 
therefore fragmenting the originally much more widespread semi-arid 
vegetation.
Some isolated^ areas with caatinga-related vegetation can be. 
found nowadays elsewhere in Brazil, in localities where rainfall is well 
above the 1,000 mm threshold (shown to represent one of the main 
limitant factors for the existence of this kind of vegetation, see Sect. 3.2), 
such as deciduous forests on calcareous outcrops (Ratter et al., 1978; 
Ratter, 1987; Ratter et al., 1988b; Prado et al., in press b), but in these 
cases it is the geopedological substratum that is determining their 
presence. They are on much more fertile ground than that surrounding 
the limestone outcroppings (e.g. mineral-poor cerrado soils, with toxic 
levels of aluminium), since the calcareous rock is permanently 
replenishing their shallow soil with essential elements. Thus, isolated 
refugia of the semiarid types of formations, left behind by the Pleistocenic 
corridors of caatinga-like vegetation (see discussion in Sect. 8.3), remain 
wherever suitable environmental conditions occur, i.e. on base-rich soils 
such as calcareous outcrops within the Cerrados, or in the Pantanal 
region.
• •. .
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A number of the woody species which are likely to have been 
involved in such expansion-retreat movements of the Pleistocene are 
today relevant members of the tropical and subtropical deciduous forest 
communities south of the Equator in South America, such as the 
Caatingas of NE Brazil, some semideciduous Planalto forests in Sao 
Paulo and Parand states, the forests in the upper Uruguay river valley, 
most of the surrounding, of the Paraguay-Parand rivers system, the 
Serramas of Santiago and Chiquitos in SE Bolivia, the piedmont forests in 
the so-called Transitional areas in NW Argentina and SW Bolivia 
(running parallel to the Subandean mountains from Tucuman in 
Argentina to Santa Cruz de la Sierra in Bolivia), and more scattered 
outposts in semi-dry and dry Andean valleys in N Bolivia, throughout 
Peru and sometimes even reaching SW Ecuador. Some of these species 
are not only important members of these communities but also dominant 
in several cases.
One such case, and here taken as paradigm, is that of the 
Mimosoideae Anadenanthera colubrina var. cebil Cangico', 'cebil') (Fig. 
5.38). There are three continuous distribution nuclei of this taxon in the 
Neotropics, from which discontinuous extensions radiate. The first and 
major nucleus consists of the Caatingas of NE Brazil, where the 'angico' 
is a very important and frequent tree. It is present in most of Andrade- 
Lima's vegetation units (see Sect. 3.4). Outwith the Caatingas, it has 
been reported in the 'brejos' from Pernambuco (Andrade-Lima, 1964b), 
particularly in the dry forests of the slopes of the 'serras', and in the so- 
called 'caatingas' in Maranhao state (Galvao, 1955). Eiten (1965, 1972) 
has repeatedly denied any link of this latter kind of vegetation to the true 
Caatingas province further east, although several of the vernacular plant 
names he mentioned are certainly employed for caatinga species 
('angico', 'aroeira', ’pau d'arco’, 'jod', 'mandacaru'). Bigarella et al. 
(1975) claim that disjunctions of Caatingas occur on the road Coroatd- 
Vargem Grande (Maranhao), while the exsiccatum marked on this map 
corresponds to Presidente Dutra, which is not too far south of these 
localities, and where caatinga-like vegetation can be assumed to exist. 
This NE Brazil nucleus for the 'angico' type of distribution is 
intermittently linked to the second nucleus, which occurs along the 
Paraguay-Parand rivers system, by way of mesotrophic cerradao
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woodlands in Goids and Mato Grosso (Ratter et al., 1978), and in Mato 
Grosso do Sul (Ratter et al., 1988b; Prado et at, in press, b).
The second nucleus has a somewhat triangular shape with its 
northernmost apex on the axis Puerto Suarez-Corumba (Bolivian- 
Brazilian border), a straight meridian side reaching south on the axis 
Resistencia-Corrientes in Argentina and thus parallelling the Paraguay 
river up to its confluence with the Parand river, a latitudinal side 
eastwards from that confluence to the upper Uruguay river valley in 
Misiones (Argentina) and Santa Catarina (Brazil) and from here a 
diagonal side returning in NW direction to Pto Sudrez-Corumbd. Thus, 
this nucleus includes nearly all of E Paraguay and a good deal of the 
western bank of the river Paraguay, that is a north-south strip parallel to 
the river and several kilometers inland in the geographical Gran Chaco 
region. Within this triangle Anadenanthera colubrina var. cebil is 
common but rarely dominant. It has been reported by Fiebrig (1933) 
along the western bank of the river Paraguay, by Tortorelli (1967) and 
Esser (1982) for several areas of E Paraguay, by Morello & Adamoli (1967) 
for eastern Formosa, and by Eskuche (1986) for NE Argentina in the 
Paranense phytogeographical province (Cabrera & Willink, 1980).
This second nucleus connects with the third one, located in SW 
Bolivia and NW Argentina, via the Santiago and Chiquitos hill ranges, 
forming a curved line uniting Corumbd to Santa Cruz de la Sierra. The 
flora of this region has scarcely been studied and even less collected, but 
Herzog (1910 & 1912) gives a fairly accurate impression of what the 
vegetation is like in the area. In the sector enclosed by this previous line 
and hills, by the western limit of the second nucleus, and by the north- 
south narrow strip of the third nucleus the true Chaco vegetation is 
encased. There are very few outposts of Anadenanthera colubrina var. 
cebil within the Chaco area (as is the case with most of the species with 
this pattern of distribution). The Cerro Leon records of this tree are not 
an exception to its absence from the plains of the Chaco s.s. , because the
---- vegetation on the slopes of this tectonic horst (which comprises Silurian
and Devonian rocks, as opposed to the aeolian sediments surrounding the 
hill) shows strong links with the Subandean Piedmont Forests in NW 
Argentina (Ramella & Spichiger, 1989, sub Transitional Forests).
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The third nucleus extends from Santa Cruz de la Sierra south 
to Tucumdn and the sierras of E Catamarca in Argentina. This follows 
the piedmont area of the Subandean Mountains, which is the area of the 
so-called Transitional Forests, so-named because their floristic 
composition has been considered to be intermediate between that of the 
Chaco thorn forests and the upland subtropical rainforests (the 'Yungas' 
s.s.). Anadenanthera colubrina var. cebil was so important in the 
southern half of this nucleus in Argentina that Lillo (1919, as cited in 
Hauman, 1931, and Digilio & Legname, 1966) called it 'zona del cebil', but 
today there is little left of the original vegetation in this area. The 
northern remainder of the nucleus where the 'angico' occurs comprises 
the 'Palo bianco' forest, dominated by Calycophyllum multiflorum and 
Phy Host ylon rhamnoides , and which extends from mid-eastern Jujuy 
in Argentina to, presumably, Santa Cruz de la Sierra. Anadenanthera 
colubrina var. cebil is one of the five commonest members of both these 
forests (Cabrera, 1976, p. 7).
From this third nucleus this species, and the pattern of 
distribution dealt with here, becomes scattered along the NE-facing slope 
of the Andes in Bolivia and S Peru, i.e. from Santa Cruz to Cuzco, to even 
more scattered localities in dry interandean valleys such as those of the 
Apurimac, Huallaga and Maranon rivers (Weberbauer, 1936), finally 
reaching southern Ecuador in what corresponds to the 'Savannah and 
Dry Scrub vegetational types' (see map in Harling, 1979). The 
distribution of the typical variety, Anadenanthera colubrina var. 
colubrina , further extends the range of the species (Fig. 5.39) since 
although it occurs sympatrically with var. cebil in the southern area of 
the Caatingas in Bahia, and also in Misiones in Argentina, it is 
distributed allopatrically in Rio de Janeiro state and the Planalto forests 
of Sao Paulo and Parana states. Altschul (1964) has argued cogently that 
the typical variety evolved from var. cebil , in which case var. colubrina 
has developed in wetter areas than those of its parental stock.
An important number of woody Caatingas species have a 
similar, sometimes virtually identical, distribution pattern to that of 
Anadenanthera colubrina n&t. cebil . For example, Amburana 
cearensis (Fig. 5.40) is a frequent, albeit not abundant, characteristic tree 
of the Caatingas even in the more shrubby types of communities, and it
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occupies a similar niche in the 'Palo bianco' forest (3rd nucleus), whilst it 
is rather rare in the 2nd nucleus except for some dense populations on 
calcareous substrate on the Apa river region in Paraguay (Fiebrig, 1933; 
Tortorelli, 1967). It has also been reported for the Cerro Le6n (Ramella & 
Spichiger, 1989), and it appears very occasionally in the Andean sector of 
this pattern of distribution; a collection from Acre state in Brazil should 
be noted. The tree Astronium urundeuva (Fig. 5.41) is usually an 
important member of whichever the community it occurs in: this is 
certainly the case for the arboreal caatinga, in which it is characteristic 
and dominant (Andrade-Lima, 1981), but it also extends into the shrubby 
caatinga as an isolated low tree (as does Amburana cearensis according 
to Egler, 1951). Astronium urundeuva is considered an indicator 
species of mesotrophic facies cerradao (Ratter et al., 1978) within the 
Cerrados area in central Brazil. It has been collected in the Cerro Leon, 
and it is very frequent in the Subandean Piedmont Forests of Argentina 
and Bolivia, but there are no records from the Andean dry valleys.
The beautiful tree Enterolobium contortisiliquum is usually 
conspicuous not for its frequency but rather for its size. Somewhat 
scarce in the Caatingas (Fig. 5.42), it has been reported for the agreste 
(Andrade-Lima, 1954) and arboreal caatinga (Andrade-Lima, 1975). In 
the Planalto forests its presence is recorded by collections and 
phytosociological works (Martins, 1979), and it is an important 
component of the vegetation on the banks of the Paraguay-Parana system 
(Reboratti & Neiff, 1986; Prado et al., in press, a), and also of the 
Subandean Piedmont Forests (particularly in the 'Tipa-pacara' variant, 
see Sect. 2.3.8), but again is absent from the Andean area. E. 
contortisiliquum has also been collected in gallery forest within the 
Chaco (see map 5.42 and Morello & Adamoli, 1974), where it occurs with 
other non-chaquenian subtropical species, on the alluvial levees 
bordering the main rivers (Adamoli et al., 1972). Pterogyne nitens has a 
very similar distribution (Fig. 5.43) and is also reported for gallery forest 
and humidity dependant communities within the Chaco (Morello, 1967; 
Morello & Adamoli, 1974), but as a rather rare element of the latter. The 
species Ruprechtia laxiflora (Fig. 5.44) was originally described by 
Meisner {in Martius, 1855) from Blanchet exsiccata collected in the 
Caatingas (Cocucci, 1961), but it was not recorded subsequently in this 
area until recent collections by Harley et al. from around Camaleao in
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Bahia. It was, however, abundantly collected in Paraguay and 
Argentina in both the 2nd and 3rd nuclei (Paraguay-Parand system and 
Subandean Piedmont), where it is a very important element. The 
scandent shrub or treelet Celtis pubescens follows much more closely the 
Anadenanthera colubrina var. cebil pattern (although it is far less 
frequent in the Caatingas) and it reaches central Ecuador (Fig. 5.45) and 
is also recorded from Acre state in Brazil.
One of the most important and characteristic trees in the 
Caatingas is Schinopsis brasiliensis (Anacardiaceae). Engler (in 
Martius, 1876) recognized two varieties, var. glabra and the typical 
variety of this species. Meyer & Barkley (1973) subsequently considered 
the former variety to merit specific status, based on its lack of 
indumentum and larger leaflets when compared to var. brasiliensis. 
However, from numerous exsiccata this author has examined it would 
seem that although presence-absence of indumentum is a fairly 
consistent character, leaflet size is unreliable. A traditional view has 
been taken of S. brasiliensis , therefore, to include the two sympatric 
varieties, brasiliensis and glabra , and they have been mapped together 
(Fig. 5.46). This tree is not only present and abundant in the Caatingas, 
from where it extends into isolated localities in the Federal District of 
Brazil and in Minas Gerais (where it has been reported to form a dense 
community in a flood-prone area by Pinto, 1985), but also it is the 
dominant species in forests in Mato Grosso do Sul (Prado et al., in press, 
b). Schinopsis brasiliensis extends also from Corumbd to the west along 
the Santiago and Chiquitos ranges (Herzog, 1910), and there are 
abundant exsiccata from the humid slopes of the Andes in NW Bolivia, 
but it has not been recorded for Peru, where, however, it seems to be 
replaced by a similar and little known species, S', peruviana , which has 
been collected only twice (Fig. 5.46).
The genus Patagonula L. (Boraginaceae) seems to be endemic 
to the Pleistocenic Arc (Fig. 5.47). This genus comprises only two 
species: P. bahiensis is endemic to the Caatingas, whereas the type 
species P. americana has been collected or reported for the Planalto 
Forests in Parana state in Brazil, the upper Uruguay river basin (Klein, 
1972), E Paraguay, NE Argentina in subtropical forests from Misiones to 
the Eastern Chaco district (Cabrera, 1976; Lewis & Pire, 1981). It is also
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the third most important species in the Subandean Piedmont Forests of 
NW Argentina and S Bolivia (Cabrera, 1976). Although Patagonula has 
not been reported from other areas of the Pleistocenic Arc, it would not be 
surprising for it to be encountered in the future in the rather poorly- 
studied areas of Cerro Leon, the Santiago and Chiquitos ranges or south 
of Santa Cruz de la Sierra.
The species Piptadenia mridiflora poses a very interesting case 
since it is an important element of the Caatingas frequently reported in 
the literature (Fig. 5.48), while it is a relatively rare species in NW 
Argentina in the piedmont deciduous forests. Burkart (1952) cited this 
tree for Colombia and Venezuela (presumably for the dry Caribbean 
area), but no exsiccata or reference have been encountered to confirm 
this assertion. Both the species and the genus seem to be missing from 
the 2nd nucleus of this pattern of distribution, that is the Paraguay- 
Parand system, but this may simply be due to a problem of taxonomic 
interpretation, since all previously considered Piptadenia species for this 
area have been transfered to other genera {Anadenanthera , Goldmania , 
Parapiptadenia ). It is noteworthy that the species Goldmania 
paraguensis , endemic to this sector, is very close to section Pityrocarpa , 
to which Burkart (1952) referred Piptadenia paraguensis (Benth.) Lindm. 
{-Goldmania paraguensis ), while Brenan (1955) transferred Piptadenia 
viridiflora to his genus Pityrocarpa .
There is only one collection of Carica quercifolia known from 
the Caatingas, from Irece in Bahia (Badillo, 1971), and this would 
represent a very wide disjunct occurrence from the main, ’amphi- 
Chaco', area of distribution of this species (Fig. 5.49) if it was not for three 
additional isolated collections in Goias, Minas Gerais and Sao Paulo 
states, which tenuously link the Bahian record to the 2nd nucleus of the 
Pleistocenic Arc. The rest of the distribution is divided into two more or 
less continuous zones separated by the Chaco plains. One corresponds to 
the Paraguay-Paranb system, extending eastwards along the upper 
Uruguay basin to include the Planalto forests, but also with an extension 
westwards into the Eastern Chaco. The second corresponds to the 
piedmont deciduous forests on the Subandean slopes. Carica quercifolia 
is also common in dry valleys between Andean ranges in NW Bolivia and 
S Peru.
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The shrub Combretum leprosum is another typical caatinga 
species which follows relatively well the Pleistocenic Arc (Fig. 5.50). It is 
also common in Maranhao state in those areas suspected of having links 
with the Caatingas, and it has been collected in the river Paraguay valley 
and in Santa Cruz de la Sierra area, but seems to be missing from there 
to the south and north-west. The pattern followed by Pouteria 
gardneriana (Fig. 5.51) is somewhat more uncertain since although it is 
well recorded in the Caatingas and in the Paraguay-Parana system, it is 
unclear whether it spreads into the Subandean Piedmont Forests apart 
from one collection in Santa Cruz in Bolivia.
The small tree Tabebuia caraiba , typically a cerrado species 
(Fig. 5.52), is also relatively common in the Caatingas of Pernambuco 
(Andrade-Lima, 1954 & 1960) and Bahia, and it can be found in the 
Amazon valley around Santarem. It has been frequently collected in the 
Paraguay river valley sector from Brazil to Argentina, while Ramella & 
Spichiger (1989) report it for cerrado-like communities on top of the 
plateau in Cerro Le6n. This species also appears occasionally in central 
Bolivia, including a specimen collected near Santa Cruz de la Sierra, 
thus conforming somewhat to the Pleistocenic Arc here described, 
although the main core of T. caraiba distribution is the central Brazilian 
Cerrados area.
A rather different case is that of Sterculia striata (Fig. 5.53), 
which only marginally appears in tall, arboreal caatinga (Andrade- 
Lima, 1975; Ratter et al., 1978). It is much commoner in mesophilous 
forests within the Cerrados expanse or in mesotrophic cerradao (Ratter 
et al., 1978 & 1988b), but it shuns the poor soils of the Cerrados s.s.. It 
extends into the Amazon valley (Taroda, 1984) as well as to the river 
Paraguay area particularly on calcium-rich soils (Ratter et al., 1988b; 
Prado et al., in press, b), and its westernmost collections come from the 
area of Santa Cruz, thus overlapping a good deal with the Tabebuia 
caraiba distribution, albeit in different environments.
5.3.2- Tropical and Subtropical Seasonal Forests in South America:
Some caatinga species are widely distributed in South America 
but rarely appear away from deciduous seasonal formations. Such is the
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case of Aspidosperma cuspa (Fig. 5.54), which has been collected in dry 
forests of Hispaniola and Martinique and it is a frequent tree in the dry 
Caribbean sectors of Colombia and Venezuela, countries in which it 
extends to some dry, interandean valleys. It reappears in SW Ecuador 
(Woodson, 1951), and at nearly the same latitude but on the opposite side 
of the continent in Rio Grande do Norte (NE Brazil). Rather an 
infrequent plant in the Caatingas, it can also be found scattered in the 
Cerrados of central Brazil, and finally in Paraguay on the rock 
outcroppings of the Cordillera de Altos (Marcondes-Ferreira, 1988). The 
taxonomically closely related Aspidosperma polyneuron (Fig. 5.55) 
coincides in part with the pattern of A. cuspa : it has also been collected 
in the western half of the dry Caribbean sector, and also in dry 
interandean valleys in Colombia, but has not been recorded, so far, from 
the eastern zone. No collections in Ecuador are reported, but it has been 
collected from N Peru in an area known to share a very similar kind of 
vegetation with SW Ecuador (Weberbauer, 1936; Harling, 1979). This N 
Peruvian locality is separated by some thousand kilometers from the next 
easterly records in central Bahia, Brazil. Thus, in the east, A. 
polyneuron occurs in the southern caatingas of Bahia, and then in a 
more or less continuous NE-SW arc spreading in mesophyllous forests in 
Minas Gerais, Espfrito Santo, Rio de Janeiro, Sao Paulo and Parand, 
extending from there to neighbouring Paraguay and a very reduced area 
in N Misiones (Argentina).
Another very interesting case is posed by the genus Brunfelsia 
(Solanaceae). Recently Plowman (1979) drew attention to the fact that B. 
uniflora forms a link between the older Andean species and the eastern 
Brazilian ones within section Franciscea (Fig. 5.56). It has been 
collected in N Venezuela, in Roraima (Brazil) and neighbouring Guyana 
(cf. Commiphora leptophloeos , Fig. 5.35), in the Yungas area of the 
eastern-facing slopes of the Andes in SW Bolivia and NW Argentina, to 
then reappear sporadically in the Caatingas and more abundantly in the 
Atlantic forests and Planalto forests in E Brazil. Two additional species 
are apparently derived from B. uniflora : B. pilosa and B. australis . 
The latter taxon, previously treated as a subspecies of B. uniflora , fills in 
the southernmost gap corresponding to the 2nd nucleus in the 
distribution of its mother species in Paraguay and NE Argentina (Fig. 
5.57).
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The unresolved taxonomic problem of the Geoffroea striata f G. 
spinosa complex (see comments in Burkart, 1949, and Lewis, 1987) 
provides another example of the Seasonal Forests Arc (Fig. 5.58), since in 
our experience the diagnostic characters provided by Burkart (1949) fail to 
clearly separate these alleged species. This complex is treated here as 
one polymorphic unit which, however, segregates very well from the 
other species of the genus, the typically but not exclusively chaquenian G. 
decorticans (cf. Fig. 5.16). The G. striata I spinosa complex appears in 
N Venezuela, E Ecuador and adjoining Peru, and in central Bolivia in 
the Yungas-like area of the Rfo Grande or Piraf, for the Andean related 
part, whereas in the lowlands there are essentially two nuclei: the 
Caatingas and the Paraguay-Parand system. A very similar pattern is 
followed by the attractive Ipomoea carnea ssp. fistulosa (Fig. 5.59), 
including some Caribbean islands, N Colombia and Venezuela, the same 
sectors of Ecuador and Peru previously mentioned, and in riverine 
environments linked to the Subandean Piedmont Forests in NW 
Argentina but where the exsiccata might have escaped from cultivation 
(O'Donell, 1959b). In the east of the continent it occurs in the Caatingas 
and the Paraguay-Parand system, and some odd appearances in the 
Amazon river valley area (around Santarem and Belem) have to be taken 
into account. This pattern is also followed in part by Peltophorum 
dubium (Fig. 5.60), which has been recorded for seasonal forests in 
Venezuela, but is more frequent in the SE of the continent, namely in the 
Caatingas, in mesophyllous forests in Minas Gerais, Sao Paulo and 
Parana, in the upper Uruguay river valley in Santa Catarina, and it was 
frequently collected in E Paraguay. Once again this species is entirely 
absent from the Chaco, only to reappear in Yungas-like areas close to 
Santa Cruz de la Sierra in Bolivia.
The genus Loxopterigium in the Anacardiaceae presents five 
disjunct species in South America (Fig. 5.61). The scarcely known L. 
gutierrizii was collected only once in the Caribbean sector of Colombia, 
while L.- sagotii is better known from the Guianas. The tree L. 
huasango appears only in seasonal semiarid to arid formations in 
coastal SW Ecuador and neighbouring Peru, whilst the caatinga 
woodlands of a small area of Piauf and Bahia contain the few recorded 
populations of L. gardneri (= Apterokarpos gardneri ). Finally, L.
__________ -__ __
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grisebachii is an important member of the Subandean Piedmont Forests 
in NW Argentina and S Bolivia, which separates Chaco vegetation from 
the rain and cloud forests of the Yungas. In this case, therefore, the 
allopatric species within a small genus together comprise the familiar 
distribution pattern of this Seasonal Forests Arc in South America.
A similar situation, but in this case with the component 
elements segregated as varietal taxa, occurs in Senna spectabilis (Irwin 
& Barneby, 1982). The var. spectabilis extends from coastal Venezuela to 
Andean valleys in the Merida area of the same country and the 
Magdalena and Cauca river valleys in Colombia, to then reappear in 
seasonal formations in Ecuador and further south in dry valleys in the 
Peruvian Andes (Fig. 5.62). This variety is also a conspicuous member 
of the Yungas forests in Bolivia, and very particularly of the deciduous 
Piedmont forests in S Bolivia and NW Argentina where it is called 
‘carnaval'. As usual in this kind of distributional pattern this tree is 
entirely absent from the Chaco, only to reappear in E Paraguay. The 
other taxon, var. excelsa , is virtually restricted to the Caatingas in NE 
Brazil, where it is called 'canaffstula'.
The shrub to small tree Solanum granuloso-leprosum also 
follows the tropical and subtropical seasonal forests pattern in South 
America (Fig. 5.63). It has been found in N Colombia and Guyana, 
disappearing completely from the Amazon but reappearing in the 
Caatingas of Bahia and Minas Gerais, continuing further south in 
mesophyllous forests in Rio de Janeiro, Parand and Santa Catarina, and 
also extending into adjoining Paraguay - NE Argentina, particularly in 
the Austro-Brazilian Transitional Forest (see Sect. 2.3.3. a). As usual, it 
is absent from the Chaco but occurs in the eastern slopes of the Andes in 
NW Argentina and Bolivia.
This distributional pattern is also followed by another two- 
species-complex: Cordia alliodoralC. trichotoma (Fig. 5.64). Gibbs & 
Taroda (1983)-studied this complex and concluded that both taxa should 
remain separate in view of the different kinds of heterostylous condition 
shown by plants of each species, together with differences in flower size, 
pollen grain size and mirmecophily. However, these taxa have had a 
confusing history and have been treated as conspecific by some authors,
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whereas those who tried to differentiate them employed gross 
morphological characters (e.g. leaf indumentum) which are very 
variable within either species sensu Gibbs and Taroda (op .cit .). This 
complex seems to show a high degree of ecological plasticity, perhaps 
more important in C. alliodora , which extends from the semiarid 
Caribbean coast of Colombia and Venezuela, and the dry interandean 
valleys of these countries, but also occurs in the more humid Orinoco 
river valley and even in the Amazon. Prom western coastal Ecuador and 
Peru, the distribution follows the more characteristic dry valley systems 
to reach the Yungas area in Bolivia. The specimens collected in NW 
Argentina in the Subandean Piedmont Forests had been traditionally 
attributed to C. trichotoma , but from Gibbs & Taroda (op .cit ., Pig. 1) 
point of view they must be regarded as C. alliodora , based both on 
morphology and geographical range. The specimens on the eastern half 
of the complex distribution are nearly all considered C. trichotoma , 
which thus extends from the Caatingas, where this species can appear 
not only in the 'sertao' but also in the wetter hills ('brejos'), to 
mesophyllous forests on the Brazilian Planalto (Minas Gerais, Sao Paulo, 
Paranri and Santa Catarina), E Paraguay and NE Argentina.
Some species, such as Platypodium elegans (Fig. 5.65), which 
are more typical of the central Brazilian Cerrados vegetation, seem to 
shadow somewhat this distributional pattern. This species is a canopy 
tree in seasonal forest in Panama (Porter, 1973), and it is also present in 
Venezuela, but it then disappears in the whole of north and central South 
America to reappear in the Caatingas, the Cerrados in Goias, Mato 
Grosso, Minas Gerais and Sao Paulo, and further extends into E 
Paraguay and E Bolivia. Astronium fraxinifolium (fig. 5.66) is a tree 
found in N Colombia and Venezuela, and although it is absent from the 
Caatingas s.s. it has been recorded in semideciduous communities on 
higher ground within the general Caatingas area. In central Brazil, it 
has been considered one of the indicator species of mesotrophic cerradao 
by Ratter et al. (1977), a kind of deciduous forest linked to mineral-rich 
soils, and it extends, also to E Paraguay and central Bolivia. There is a 
surprising collection of this species in the Canaddn Platanillos, in 
central Paraguayan Chaco, which must undoubtedly be linked to one of 
the watercourses which cross this region in a general E-W direction.
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A number of species have a much more indistinct distribution
pattern which can perhaps be referred to the extension of seasonal forests 
at both sides of the tropics. This sort of distribution is shown by a few 
caatinga species, although in each case they show fairly wide ecological 
plasticity and also occur in more humid habitats. One such is Coutarea 
hexandra (Fig. 5.67), which also occurs along the Amazon river, and 
also Crateva tapia (Fig. 5.68), which has been collected in the Amazon 
basin and also besides the ephemeral watercourses in the Caatingas. 
Hymenaea courbaril v&r. courbaril (Fig. 5.69), and the outstanding 
caatinga tree Tabebuia impetiginosa (Fig. 5.70) have similar 
distributions. Some such taxa are primarily restricted to seasonal 
habitats, such as Myroxylon balsamum (Fig. 5.71) and Poeppigia procera
■ (Fig. 5.72), although these species also appear in the Amazon, or as in 
the case of Phyllosthylon brasiliense in the Brazilian Atlantic rainforest 
(see distribution of the genus in Fig. 5.73).
. The distribution of the only three woody species (Parkinsonia
aculeata, Sideroxylon obtusifolium and Ximenia americana} which are 
common to the Chaco and Caatingas follow this sort of pattern. 
Parkinsonia aculeata (Fig. 5.74) is a very widespread ruderal plant 
whose ecological amplitude incb>bs the Pacific coastal desert of Peru 
and the arid Monte province of Argentina. Sideroxylon obtusifolium 
(fig. 5.75) seems to show the highest fidelity to the seasonal formations 
out of the nine amphitropical species shown here. Thus, and contrary to 
the rest of the species of amphitropical distribution which avoid 
temperate areas of Latin America, these latter species are exceptional in 
that they spread into areas such as Chaco, Monte, or even Patagonia in 
the case of Ximenia americana .
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5.4- Other patterns of distribution:
A consistent group of caatinga species is relatively widespread 
in E South America but does not show the full sequence of links with 
other seasonal formations as do most of the cases considered above. 
However, a number of these species have a distribution which can be 
considered as a restriction to the eastern half of the Pleistocenic Arc. 
One such case is Aspidosperma pyrifolium (Fig. 5.76), which has also 
been collected and reported for Cerro Leon in Paraguay (Ramella &
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Spichiger, 1989). It is a characteristic species of the Caatingas which 
spreads extensively into Minas Gerais, but then there is a disjunction 
with the populations on the river Paraguay (see map). There is also a 
puzzling exsiccatum from Faro (Marcondes-Ferreira, 1988), in the Para 
state, a locality in a small sector of the Amazon valley where several 
other caatinga elements have also been collected (Andrade-Lima, 1959). 
The tree Aspidosperma riedelii has recently been treated by Marcondes- 
Ferreira (1988) as comprising two subspecies: ssp. oliganthum , a Bahian 
endemic, and ssp. riedelii with two disjunct populations in the Planalto 
forests of Sao Paulo and in central Paraguay (Fig. 5.77).
The valuable timber tree Balfourodendron riedelianum 
(Rutaceae) is a caatinga member (Fig. 5.78) extending south to the 
Planalto forests in Sao Paulo and Parana states, along the upper 
Uruguay river valley, and reaching E Paraguay and NE Argentina. A 
similar case is that of Hymenaea martiana (Fig. 5.79), but it spreads 
from the Caatingas into the cerrado savannas in Goids, the Federal 
District Minas Gerais, as well as occurring in the forests in the 
ParaguaSj^c/e-r area. Machaerium acutifolium is another cerrado 
species which occurs in the Caatingas (Fig. 5.80) and extends south into 
the Mata Atlantica in Rio de Janeiro, isolated 'campo' areas in Minas 
Gerais and Sao Paulo, and in forests in E Paraguay. The soft-wooded 
tree Phytolacca dioica has been relatively recently collected in the 
caatinga of Campo Formoso, Bahia (see specimen at K), and its presence 
there has been considered a proof of ancient floristic links between the 
Caatingas and the rest of this species distribution in South America via 
climatic changes (Andrade-Lima, 1982). This species is a common 
member of subtropical forests in the Paraguay-Parand system (e.g. in the 
Austro-Brazilian Transitional forest), and extends eastwards through 
Planalto forests to coastal rainforests in Santa Catarina (Fig. 5.81). 
Some other more infrequent caatinga species extend only to the coastal 
rainforests of E Brazil, such as Alseis floribunda (Fig. 5.82) which is 
disjunct in coastal Rio de Janeiro, Parand and Santa Catarina, as is 
Astronium concinnum (Fig. 5.83).
There is also a group of woody species which are entirely 
restricted to either the 2nd or 3rd nuclei (or both) within the Pleistocenic 
Arc (see sect. 5.3.1). The monotypic genus Athyana (Sapindaceae) is
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endemic to the seasonal Subandean Piedmont forests of NW Argentina 
and S Bolivia (Fig. 5.84). Likewise, the monotypic genus Diatenopteryx 
(also Sapindaceae) occurs in both nuclei, leaving a large blank in the 
middle for the Chaco, and it extends into the Planalto forests and along 
the upper Uruguay (Fig. 5.85). In the ditypic genus Diplokeleba one 
species, D. floribunda , is abundant on the Paraguay-Parand system, 
while the other, D. herzogii , is known only from the type collection in 
Cabezas, Bolivia (Fig. 5.86), most likely from the deciduous forests 
frequent in that area (Coro, 1956). Similarly distributed is Ziziphus 
oblongifolius (Fig. 5.87), a very frequent shrub in the north of the 
Paraguay-Parand system (Prado et al., in press, b), and cited by Herzog 
(1910) for Bolivia and Escalante (1946) for Oran in Salta (Argentina).
The elegant Rubiaceous tree Calycophyllum multiflorum is the 
dominant and characteristic species of the 'Palo bianco' forest in the 
Piedmont of the Subandean chains (Fig. 5.88), to which it gives its 
vernacular name, and it is also common in the river Paraguay area and 
in the Cerro Ledn (Ramella & Spichiger, 1989). Some isolated 
populations of C. multiflorum have been occasionally found within the 
Chaco s.s. (Castellanos, 1958; Morello, 1967; Morello & Adamoli, 1974), 
where it is likely they occur in the remains of a previously more 
expanded seasonal forest in the Pleistocene. Three other species can be 
considered to be confined to the Paraguay-Parana system: Astronium 
balansae (Fig. 5.83), Maytenus ilicifolia (Fig. 5.89), the latter reaching 
Santa Catarina to the east, and Ziziphus guaranitica (Fig. 5.90).
Finally, it is necessary to consider the distribution of three 
caatinga species which seem to link with Amazonia, or at least to wet 
tropical formations. One such is Albizia polyantha (Fig. 5.91), which 
extends from the Guianas and Ilha de Maraca (Lewis & Owen, 1989), to 
the Amazon river valley and tributaries, and to the Caatingas, the 
Paraguay-Parand system and Cerro Ledn. The distribution of this 
species seems to be associated with permanent watercourses except in 
the Caatingas. Aspidosperma discolor appears in the Venezuelan 
Guayana and the Guianas, has been profusely collected in the lower and 
middle Amazon river valley and in the Rondonia state, but it is also 
frequent in Bahian caatinga and in a central area of the Cerrados (Fig. 
5.92). Couepia uiti (Chrysobalanceae) is essentially an Amazonian
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element, but via gallery forest it extends within the Cerrados and 
Caatingas (Fig. 5.93).
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Fig. 5.2: Distribution map of Lophocarpinia aculeatifolia
* ■•:<3"5-'.i-’* £“.*••
■/> a^'V
----------- ' M> I IP \ Jf/1 ' -—---_l
Fig. 5.3: Distribution map of Maytenus spinosa. Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
Fig. 5.4: Distribution map of Maytenus vitis-idaea. Solid black dots:
herbarium exsiccata; open circles: citations in vegetation surveys.
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Fig. 5.6: Distribution map of Prosopis kuntzei. Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
Fig. 5.7: Distribution map of Prosopis ruscifolia. Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
Fig. 5.8: Distribution map of Prosopis vinalillo. Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.

Fig. 5.11: Distribution map of Tabebuia nodosa.
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Fig. 5.15: Distribution map of Prosopis affinis . Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
Fig. 5.16: Distribution map of Geoffroea decorticans . Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
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Fig. 5.19: Distribution map of Prosopis sericantha. Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
Fig. 5.20: Distribution map of Prosopis reptans . Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
Fig. 5.21: Distribution map of Lythraea ternifolia.
Fig. 5.22: Distribution map of Schinopsis haenkeana
Fig. 5.23: Distribution map of Auxemma oncocalyx (circles) and A. 
glazioviana (triangles). Solid black dots/triangles: herbarium exsiccata; 
open circles/triangles: citations in vegetation surveys.
Fig. 5.25: Distribution map of Bauhinia flexuosa (dots), B. estivana 
(triangles) and B. catingae (open square).
Fig. 5.26: Distribution map of Cordia leucocephala (solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys) and C. 
dardani (triangles).
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herbarium exsiccata; open circles: citations in vegetation surveys.
Fig. 5.30: Distribution map of Mimosa adenophylla (dots), M. exalbescens
(triangles), M. glaucula (open square) and M. morro'ensis (triangle in 
circle).
Fig. 5.31: Distribution map of Simira sp (solid black dots: herbarium 
exsiccata; open circles: citations in vegetation surveys) and Alseis 
involuta (triangle).
Fig. 5.32: Distribution map of Spondias tuberosa. Solid black dots: 
herbarium exsiccata; open circles:_citations in vegetation surveys.
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Fig. 5.35: Distribution map of Commiphora leptophloeos . Solid blac 
dots: herbarium exsiceata; open circles: citations in vegetation surveys. 
Fig. 5.36: Distribution map of Hymenaea velutina.
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Fig. 5.37: Distribution map of Mimosa caesalpiniifolia (solid black dots:
herbarium exsiccata; open circles: citations in vegetation surveys), M.
nothopteris (open square), M. xique-xiquensis (triangle) and M.*
coruscaesia (asterisk).
Fig. 5.38: Distribution map of Anadenanthera colubrina not. cebil . Solid 
black dots: herbarium exsiccata; open circles: citations in vegetation 
surveys.
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Fig. 5.41: Distribution map of Astronium urundeuva. Solid black dots: 
herbarium exsiceata; open circles: citations in vegetation surveys.
Fig. 5.42: Distribution map of Enterolobium contortisiliquum. Solid black 
dots: herbarium exsiceata; open circles: citations in vegetation surveys.
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Fig. 5.43: Distribution map of Pterogyne nitens . Solid blac 
herbarium exsiccata; open circles: citations in vegetation surveys. 
Fig. 5.44: Distribution map of Ruprechtia laxiflora.
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herbarium exsiccataj open circles.* citations in vegetation surveys.
Fig. 5.46: Distribution map of Schinopsis brasiliensis (solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys) and S. 
peruviana (triangles).
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and P. americana (solid black dots: herbarium exsiceata; open circles: 
citations in vegetation surveys).
Fig. 5.48: Distribution map of Piptadenia viridiflora. Solid black dots: 
herbarium exsiceata; open circles: citations in vegetation surveys.
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Fig. 5.49: Distribution map of Carica quercifolia.
Fig. 5.50: Distribution map of Combretum leprosum. Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
Fig. 5.51: Distribution map of Pouteria gardneriana. Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
Fig. 5.52: Distribution map of Tabebuia caraiba. Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
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Fig. 5.53: Distribution map of Sterculia striata. Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
Fig. 5.54: Distribution map of Aspidosperma cuspa.
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1Fig. 5.56: Distribution map of Brunfelsia uniflora.
$
Fig. 5.57: Distribution map of Brunfelsia australis . Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.

Fig 5.59: Distribution map of Ipomoea carnea ssp. ftstulosa. Solid black 
dots: herbarium exsiccata; open circles: citations in vegetation surveys.
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Fig. 5.60: Distribution niap of Peltophorum dubium. Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
Fig 5.61: Distribution map of Loxopterigium griseimc/ui (dots), 1. 
Auosnngo (open triangles,. L. ^ierr^ii (open spuare), L. sngolu 
(open circles) and L. gardneri (solid black triangles).
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Fig. 5.67: Distribution map of Coutarea hexandra. Solid black dots:------
herbarium exsiccata; open circles: citations in vegetation surveys.
Fig. 5.68: Distribution map of Crateva tapia. Solid black dots: herbarium 
exsiccata; open circles: citations in vegetation surveys.I
Fig. 5.69: Distribution map of Hymenaea courbaril var. courbaril (dots) 
and var. stilbocarpa (stars).
Fig. 5.70: Distribution map of Tabebuia impetiginosa. Solid black dots:
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Fig. 5.71: Distribution map of Myroxylon balsamum. Solid black dots 
herbarium exsiccata; open circles: citations in vegetatmn surveys.
Fig. 5.72: Distribution map of Poeppigia procera.
herbarium exsiccata; open circles: citations in vegetation surveys), P. 
brasiliense (diamonds) and P. orthopterum (star).
Fig. 5.74: Distribution map of Parkinsonia aculeata.
Fig. 5.75: Distribution map of Sideroxylon obtusifolium ssp. obtusifolium 
(solid black dots: herbarium exsiccata; open circles: citations in 
vegetation surveys) and ssp. buxifolium (diamonds).
Fig. 5.76: Distribution map of Aspidosperma pyrifolium.
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Fig. 5.78: Distribution map of Balfourodendron riedelim
Fig. 5.79: Distribution map of Hymenaea martiana. Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
Fig. 5.80: Distribution map of Machaerium acutifolium. Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
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Fig. 5.83: Distribution map of Astronium balansae (solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys) and A. 
concinnum (diamonds).
Fig. 5.84: Distribution map of Athyana weinmannifolia.
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Fig. 5.87: Distribution map of Ziziphus oblongifolius . Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
Fig. 5.88: Distribution map of Calycophyllum multiflorum. Solid black 
dots: herbarium exsiccata; open circles: citations in vegetation surveys.
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Fig. 5.90: Distribution map of Ziziphus guaranitica. Solid black dots: 
herbarium exsiccata; open circles: citations in vegetation surveys.
■ ?*•

Fig. 5.92: Distribution map of Aspidosperma discolor.
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6. PHYTOSOCIOLOGICAL ANALYSIS OF NEOTROPICAL SEASONAL 
FORESTS
In order to assess to what an extent the Neotropical seasonal 
forests are interrelated and/or to other South American formations, 
reliable floristic lists were selected from the available literature and 
worked out in phytosociological tables on a basis of presence-absence of 
species. These data were then analyzed following three different 
techniques:
a) Classic phytosociological analysis of the Zurich-Montpellier school, in 
the more modern version modified by Mueller-Dombois & Ellenberg 
(1974). This consists essentially in listing all the species (rows) 
occurring in certain areas or localities (columns), and then 
mechanically search for species with common patterns of distribution in 
the columns. Subsequent reshuffling of columns and rows generally 
results in the grouping of some species which seem to be exclusive to a 
determined group of localities, exclusive to a single area, or common to 
most or all of them. These species groups are taken to indicate the 
presence of common environmental factors by which they are restricted 
in their phytogeographical distribution. Therefore, such groups have an 
ecological indicator value, and they are referred to as 'floristic groups 
(FG)’ (Mueller-Dombois & Ellenberg, 1974). Because of the subjective 
nature of this analysis it is necessary to compare the results with those of 
more objective statistical studies, as the following.
b) Multivariate numerical methods:
b.l- CLINK (Complete Linkage) algorithm from Wishart's (1987) 
package, employing S0rensen's (1948) similarity index (also known as 
Czekanowski-Dice coefficient). This agglomerative technique of 
classification fuses the individuals (localities/areas) into increasingly 
larger discrete groups, based on their similarity matrix, and a 
dendrogram is provided to show their relationships. The fusion is 
interrupted according to a subjective criterion, generally when 
recognizable clusters of ecologically-floristically related individuals are 
formed, or when no individual is left isolated (Mateucci & Colma, 1982). 
b.2- PCA (Principal Components Analysis) from the JMP IN™ statistical 
software. This ordination technique, contrary to the classificatory ones, 
does not establish discrete classes but displays the individuals under 
study in a hyper-dimensional space along axes of continuous variation.
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The axes ('principal components') are numbered according to the 
decreasing percentage of accumulated variation they concentrate. Thus, 
Axis I always comprises the highest value of variation absorbed by any 
possible axis, which can then be interpreted as representing one 
particular environmental or ecological factor. The individuals are then 
displayed in succesive two-dimensional plots ('scattergrams'), of which 
only the Axis I-Axis II coordinates are shown and discussed here.
6.1- The woody Chaco communities and neighbouring formations:
All the vegetation types described in Chapter 2 and usually 
regarded as part of the Gran Chaco region have been analyzed in Table 
6.1. A number of FG, namely 11, U, DI and KII amongst others, indicate 
very close links between those woody communities of wetter and less 
frost-affected areas, such as A (Gallery Forest), B ('Selva de Ribera'), C 
('Tipa-Pacara' Forest), D ('Palo bianco' Forest) and the Austro-Brazilian 
Transitional Forest (E), alongside the communities described by Prado et 
al. (in press, b) for Mato Grosso do Sul (F, G, H, I and J). Apart from FG 
K HI, which comprises species with a wide ecological plasticity, there are 
scarce connections between communities A to J and what is here 
regarded as Chaco s.s. (communities K to W). The FG HK11 comprises 
the species that relate the Austro-Brazilian Transitional Forest to the 
Chaco proper, which are on the one hand of scarce importance here and 
sometimes accidental, and on the other are overweighed by the much 
more relevant links to communities A to D. The Chaco forest of Porto 
Murtinho (J) is the only one between the communities of Mato Grosso do 
Sul that can be regarded as truly chaquenian, as shown by Table 6.1 and 
coinciding with Prado et al. (in press, b). The FG H H 111, HHID, H H U, 
KKUI, HHD 11, HHDIII, HHHIII and HHHIU illustrate the strong internal 
homogeneity of the Chaco s.s. woody communities.
Figure 6.1 shows the dendrogram resulting from the CLINK 
classification analysis applied to the same set of communities shown in 
Table 6.1. It is noteworthy that the order of the communities rendered by 
CLINK is basically very similar to that proposed in the phyto sociological 
table, save for the position of the Chaco at Porto Murtinho. Group a 
comprises communities A to E, while p those of Mato Grosso do Sul (F to 
I). Meanwhile, groups y and 6 consist of all the communities of the
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TABLE 6.1: Phytosociological analysis of the main woody communities of 
the Chaco and neighbouring formations.
Column A: Gallery Forest, Parana River (Franceschi & Lewis, 1979)
B: 'Selva de Ribera' (Prado et al., in press a; Morello & Adam., 1974) 
C: 'Tipa-Pacara' Forest (Meyer, 1963; Digilio & Legname, 1966;
Brown et al., 1985)
D: 'Palo bianco' Forest (Meyer, 1944; Coro, 1956; Adamoli et al., 1972; 
Cabrera, 1976)
E: Austro-Brazilian Transitional Forest (Lewis & Pire, 1981, and 
author's field experience; also Morello et al.,1971, Morello & 
Adamoli, 1974, and Cabrera, 1976)
F: Calcareous woodlands, M. Grosso do Sul (Prado et al., in press b) 
G: Schinopsis balansae parkland, M.G. Sul (Prado et al., in press b) 
H: Aspidosperma-Mimosa scrubland, M. Gr. do Sul (Prado et al., in
press b)
I: Diplokeleba-Tabebuia-Capparis scrubland, M. Gr. do Sul (Prado 
et al., in press b)
J: Chaco forest, Pto Murtinho, M. Grosso do Sul (Prado et al., in 
press b)
K: 'Quebrachal' of Schinopsis balansae (Lewis & Pire, 1981, and 
author's field experience)
L: 'Quebrachal' of 3 'quebrachos' (Ragonese, 1941; Lewis & Pire, 
1981, and author's field experience)
M: 'Quebrachal' of 2 'quebrachos' (Morello & Adamoli, 1968; 
Addmoli et al., 1972, and author's field experience)
N: 'Quebrachal' of white 'quebracho' (Morello et al., 19*71; Lewis & 
Pire, 1981)
O: 'Palosantal' of Bulnpsia sarmientoi (Morello et al., 1971, and 
Adamoli et al., 1972)
P: 'AlgarrobaP of Prosopis spp. (Morello et al., 1971)
Q: 'Vinalar' of Prosopis ruscifolia (Morello et al., 1971)
R:’Palmar' of Copernicia australis , Western Chaco (Cabrera, 1976) 
S: 'Palmar' of Copernicia australis , Eastern Chaco (Cabrera, 1976;
... - Lewis & Pire, 1981, and author's field experience)
T: Arid Chaco Woodland (Sayago, 1969)
U: 'Cardonal' of Stetsonia coryne (Sayago, 1969)
V: North Sierra Chaco (Marlange, 1972)
W: South Sierra Chaco (Sayago, 1969)
IFamily Genus Species
fatetfolla1 LAUR Nectandra
2 LEGM Alblzla polyantha
3 MYRT Hcxachlamls edulls
A CAPP Crateva tapla
5 APOC Peschlera australis
6 LEGM Inga uruguensls
7 LEGM Acacia monacantha
6 ULMA Celtls Iguanaea
9 EUPH Croton urucurana
to FLAC Banara arguta
It AREC Arecastrum romanzofflanum
12 LEGP Geoff roea striata
13 ANNO Roll Inla emarglnata
14 POLY Ruprechtla laxlflcra
15 LEGM Enteroloblum contort Islllquum
16 MYRT Eugenia uniflora
17 RUTA Fagara narenjlllo
IS COMB Termlnalla trlflora
19 MYRS Rapanea laetevlrens
20 5AP0 Pouterla gardnerlana
21 LEGC Holocalyx balansae
22 MORA Ficus luschnathlana
23 5API Saplndus saponarla
2A MORA Sorocea spruce!
25 MELI Trlchllla - elegans
26 NYCT Plsonla aculeata
27 CEL Schaefferla argentlnensls
25 PTER Acrostlchum aureum
29 CECR Cecropla adenopus
30 RUTA Pilocarpus pennatifollus
31 STER Guazuma ulmlfolla
32 TILI Luehea dlvarlcata
33 LEGC Peltophorum dublum
34 ULMA Phyllostylon rhamnoldes
35 ULMA Celtls sp
35 6IGN T abebula Impetlglnosa
37 LEGM Anadenanthera colubrlnav cebll
35 ANAC Astronlum urundeuva
39 RUTA Fagara rholfolla
43 CAPP Capparls aff. retusa ?
41 SAPI Olplokeleba florlbunda
42 BORA Patagonula amerlcana
43 MYRT Myrclanthes pungens
44 5API Allophyllus edulls
45 NYCT Plsonla zapallo
45 LEGC Gledltsla amorpholdes
47 SAPO Chrysophyllum gonocarpum
45 MORA Maclura tlnctorla
49 LEGM Plthecelloblum scalare
50 ARAL Pentapanax angellclfollus
51 CARI Carlca querclfolta
52 PHYT Phytolacca dlolca
53 SOLA Brunfelsla australis
54 ANAC Astronlum bal ansae
55 'LEGC Pterogyne nltens
55 SAPI Cupanla vernal Is
57 SAPO Chrysophyllum marginatum
55 ULMA Trema mlcrantha
59 SIGN Jacaranda mlmoslfolla
60 MYRT Myrclanthes mato
61 6IGN Tecoma Stans
62 PIPE Piper tucumanum
63 TILI Hellocarpus popayanensls
64 LEGP Tlpuana tlpu
65 LEGP Myroxylon balsamum
66 LEGM Paraplptadenla excelsa
67 URTI Urera bacclfera
65 BOMB Pseudobombax argent Inum
69 MELI Cedrela odorata
70 LEGP Lonehocarpus llllol
71 LEGM Acacia alblcortlcata
72 SAPI Athyana welnmamlfolla
73 LEGC Senna spectabllls V sp
74 BORA Cordla trlchotoma/alllo
75 AREC Acrocom la chonta
75 MELI Trlchllla claussenl
77 ELAE Mutlngla calabura
75 RU6I Pogonopus tubulosus
79 COMP Vernonia fulta
50 COMP Cnlcothamnus lorentzll
61 6U00 Buddleja albomaculata
52 RUTA Fagara hyemalls
53 60MB Ceiba speclosa
54 RUBI Calycophyllum multlflorum
55 LEGP Amburana cearensls
56 EUPH Cnldoscolus vltlfollus v cnlc
57 ANAC Sch Inops is braslllensls
55 STER RellCtere*
69 EUPH Saplum
90 RU6I Rand la armafb
91 STER Sterculla striata
92 LEGP Machaerlum hlrtum
93 EUPH Croton sp 1
94 RHAM Zlzlphus oblonglfollus
95 POLY Coccoloba SP-
96 ERYT Erythroxylum sp
07 CACT Ceres uruquavanus
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96 BORA Cordla glabrata
99 AREC Acrocomla total
IOO CELA May tenus lltclfolla
10, RHAM Rhamnldlum elaeocarpum
102 RU5I Chomella obtuslfolia
,03 BOMB Pseubombax sp
109 6IGN Tabebula ochracea
105 RUB, Tocoyena formosa
106 COMB Termlnalta argentea
107 Undt Pison,a 7 Sp.
106 LEGM Mimosa hexandra
109 LEGM Mimosa sp-
no LEGM Prosopls rubrlflora
111 EUPH Jatropha rlblfolla
112 LEGM Prosopls sp.
1,3 NYCT Bougainvillea sp.
114 LEGM Goldman,.^. paraguensls
115 EUPH Aporosella chacoensls
1,6 RHAM Scut la buxlfolla
117 ACHA Achatocarpus praecox
116 SAPO Stderoxylon obtuslfollum
119 SANT Acanthosyrls fate at a
120 MYRT Myrdanthes clsplatensls
121 BOMB Ceiba chodatll
122 EUPH Saotum haematospermum
123 LEGP Geoffroea decort leans
129 APOC Aspldosperma quebracno-Olanco
125 RHAM Zlzlphus mlstol
126 LEGM Prosopls nigra
127 ANAC Schlnus fasclculatus
125 LEGM Acacia praecox
129 ANAC Schlnopsis balansae
,30 LEGC Caesalplnla paraguar lens, s
131 LEGC Cercfdlum praecox
132 SIGN Tabebula nodosa
133 CAPP Caoparls tweedlana
139 CAPP Capparls speclosa
125 SANT Jodina rhomblfolla
126 LEGM Acacia aroma
137 CAPP Caoparls retusa
135 VER6 Aloysla grattsslma
139 SIMA Castela cocclnea
,90 CELA Maytenus vltls-ldaea
141 ULMA Celtls splnosa
192 LEGM Acacia caven
193 LEGM Prosopls alba
144 ULNA Celtls pal, Ida
195 SOLA Grabowskla dupllcata
196 LEGC Senna aphylla
197 ZYGO Porllerta mlcrophylla
195 SOLA Oestrum parqull
199 LEGM Prosopls afflnls
,50 AREC Trlthrlnax campestrls
151 CACT Opuntla spp.
152 CHEN Holmbergla tweedle,
153 LEGM Acacia furcatlsplna
159 ANAC Schlnoosls quebracho-colorado
155 CAPP Capparls atamlsquea
156 CELA Maytenus spinosa
157 LEGM Prosopis kuntzel
156 POLY Ruprechtla triflora
159 CAPP Caoparls sallcifolla
,60 LEGC Mlmozlganthus carlnatus
16, OLAC Xlmenta amerlcana
162 CACT Stetsonla coryne
163 CACT Cereus valldus
169 VERB Aloysia scorodonoldes
165 ZYGO 6ulnesla follosa
166 LEGM Mimosa detlnens
167 NYCT Bougainvillea campanulata
165 BROM Bromella hleronyml
169 6R0M Bromella serra
170 CACT Echinopsls mlnuana
171 CACT Clelstocactus smaragdlllorus
172 CACT Erlocereus pomanensts
173 CACT Opuntla colubrlna
179 COMP Tessarla dodoneaefolla
175 CACT Opuntla chakensls
176 CACT Opuntia sp
177 CACT Monvillea cavendlshll
176 CACT Erlocereus tortuosus
179 ZYGO Bulnesla sarmlentoi
150 APOC Aspldosperma trlternatum
16! CACT Opunt1 a disco,or
152 CACT Opuntla retrorsa
163 CACT Ecninopsis schaferl
169 BROM Dyckla Terox
155 BROM Bromella irbanlana
156 LEGM Prosopls serlcantha
167 COMP Cyclolepls gcnistoldes
166 SOLA Lyclum sp
159 LEGM Prosoois ruse,folia
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229 LEGM Prosopls alba v panta
230 LEGM Prosopls chllensls
231 LEGM Acacia atramentarla
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239 RHAM Col let ia splnoslsslma
235 COMP Heterothalamus aMenus
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Fig. 6.1: Dendrogram resulting from CLINK classification analysis of the 
main woody communities of the Chaco and neighbouring formations. 
Letters in the bottom line indicate the communities studied (see Table 6.1 
for key), and the figures in the vertical line the similarity index value at 
each level of fusion. *
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Fig. 6.2: Seattergram from PCA analysis of the main woody communities of 
the Chaco and neighbouring formations. See explanation in text.
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Chaco s.s., separated into two groups probably because of an east-west 
floristic gradient within the province.
The results of the PCA analysis shown in Fig. 6.2 present three 
basic clusterings of communities: the wetter ones (A to F) are together in 
cluster a’, the Mato Grosso do Sul communities are grouped in another 
one (p’), while the bulk of the Chaco s.s. in cluster y* shows stronger links 
within itself than with the rest of the neighbouring formations. Once 
again the Chaco of Porto Murtinho is in a transitional position and could 
pertain to either of two clusters, while the Austro-Brazilian Transitional 
Forest (E) unmistakably joins the group of wetter communities.
6.2- South American Seasonal Forests: a global comparison.
The vegetation units involved in this comparative study are: 
Chaquenian Dominium 
A- The Monte province (sensu Morello, 1958).
B- The Chaco province: the Sierra Chaco is placed here in a separate 
column to test the consistency of the inclusion of this district within 
the Chaco s.s..
C- The Chaco province: the lowland Chaco in its Eastern, Central and 
Western districts. Floristic list taken from Sect. 4.1, excluded those 
species exclusive to the Sierra Chaco.
Neotropical Seasonal Forests of South America
D- Austro-Brazilian Transitional Forest, as defined and described in 
Sect. 2.3.3.a; the results of this analysis will further allow to discuss its 
present position within the Chaco province.
E- 'Selva de Ribera', on the levee limiting the river Parand flooding 
valley, as described in Sect. 2.3.2 and in Prado et al. (in press, a). It is 
not yet clear if previous phytogeographical accounts have placed this 
community in the Chaco or other province, basically because it has 
been ignored as a vegetation unit by most authors, but the present 
author believes it should be regarded as part of the Paranense province 
sensu Cabrera & Willink (1980).
F- Gallery Forest in the Parand river valley, as part of the Paranense 
province (Cabrera, 1976).
G- Upper Uruguay River Valley Forests, part of the Paranense province 
sensu Cabrera & Willink (1980).
Chapter 6
Chaco - Caatingas floristic links 167
H- Planalto Forest in Sao Paulo state, part of the Paranense province 
sensu Cabrera & Willink (1980).
I- Subandean Piedmont Forests, in both its ’Palo bianco' and 'Tipa- 
Pacard' variants. Floristic list taken from Sect. 4.3. At present a 
member of the Yungas province (Cabrera, 1976), but repeatedly 
regarded as chaquenian by previous authors.
J- The Caatingas province, until present regarded as a member of the 
Chaquenian Dominium by Cabrera & Willink (1980). Floristic list 
taken from Sect. 4.2.
K- Calcareous forests of Mato Grosso do Sul, of uncertain phytogeogra­
phical position so far.
L- The calcareous forest of Januaria area, very close geographically and 
floristically to the Caatingas (Ratter et al., 1978; Andrade-Lima, 1981).
M- The dry Caribbean vegetation of Venezuela. The floristic list is an 
aggregate, ranging from Aristeguieta's (1968) "selva veranera" 
(summer-green forest) to semiarid scrublands (Matteucci & Colma, 
1982). It corresponds to the Guajira province in the Caribbean 
Dominium (Cabrera & Willink, 1980).
N- Equivalent communities in dry Caribbean Colombia, also part of the 
Guajira province.
O- Dry forests, woodlands and savannas of W Ecuador, as in Acosta-Solis 
(1966) and Harling (1979). At present in the Pacific province of the 
Amazonian Dominium (Cabrera & Willink, 1980).
Amazonian Dominium
Three floristic lists of localized vegetation areas corresponding 
to the three more conspicuous provinces of the Amazonian Dominium 
have been taken as paradigms.
P- A central area of the Brazilian Cerrados, in the Federal District 
(Ratter, 1986; P.E. Oliveira, pers. comm.).
Q- One stand of Atlantic rainforest in coastal Sao Paulo (Silva & Leitao F9, 
1982).
R- An area of Amazon forest close to Manaus (Prance et al., 1976).
Thus, the analysis performed on these data at both specific and 
generic level will allow one to establish how close the links Chaco- 
Caatingas are, vis-a-vis other similar kinds of vegetation in South 
America, and how well the Caatingas compare with the Chaquenian 
Dominium versus the Amazonian Dominium.
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6.2.1- Analysis at specific level;
In Table 6.2 the results of the classic phytosociological 
approach at species level are shown. FG I assembles species of ample 
distribution in seasonal formations but absent from the more humid 
provinces (P, Q and R). FG II, III, IU and U indicate different degrees of 
relationship between the Chaco and also some of its neighbouring 
communities to the Subandean Piedmont Forests (I). FG U11 comprises 
the rather weak links between the Chaquenian Dominium and the 
Guajira province and the dry forests in W Ecuador. FG Kill to KI show 
the consistency of the Chaco Dominium, clearly separating it from the 
rest of the formations included in this analysis.
The FG KI I and Kill comprise those species generally 
restricted to the Pleistocenic Arc as here defined (see Sect. 5.3.1), 
although Tabebuia impetiginosa extends as far as Mexico. FG KIU and 
HD show the links between both the southern extensions of the 
Pleistocenic Arc, not including the Caatingas or related calcareous 
communities. FG K LI I encompasses Caatingas species with a wide 
distribution in South America from the Pleistocenic Arc to Ecuador and 
the dry Caribbean area, whereas FG K U11 is similar but it excludes the 
Caatingas. The FG KIK to K K LI I show a number of floristic links of the 
Upper Uruguay Forests (G), out of which those with the Caatingas must 
be emphasized (FG K K I). Groups K K U I I to K K K indicate varied 
connections of the Planalto Forest (H) of S Brazil. The FG K K KI, K K K11 
and K K K111 show the close contacts between the Subandean Piedmont 
Forests (I) to the Caatingas (J) and related calcareous communities (K 
and L, in turn connected to J by FG KKHIUtoKKHUI). While the links 
Caatingas/Ecuador+dry Caribbean area are shown in FG KKKUII and 
HHHDIII, those of the same province with the Amazonian Dominium are 
evident in FG KKKIK and KL. The dry Caribbean sectors of Colombia and 
Venezuela are very closely related to each other (FG K L111), while they 
show strong connections to the dry formations of W Ecuador (FG K L11 
and KL IU). FG HLD indicates some loose links of the Cerrados of central 
Brazil with a number of seasonal forests of South America.
The dendrogram rendered by the CLINK analysis is shown in 
Fig. 6.3, with four recognizable clusters and one isolated individual.
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Fig. 6.3: Dendrogram resulting from CLINK classification analysis of the 
main South American seasonal forests, at specific level. Letters in the 
bottom line indicate the communities studied (see Table 6.2 for key), and 
the figures in the vertical line the similarity index value at each level of 
fusion.
Factor 1 :11.595
Fig. 6.4: Scattergram from PCA analysis of South American 
seasonal forests. See explanation in text.
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Group a comprises two subclusters, one formed by the Caatingas (J) plus 
Calcareous forests and the other by the southernmost expansions of the 
Pleistocenic Arc, including both the Subandean Piedmont Forests (I) and 
the Austro-Brazilian Transitional Forest (D). Group (3 comprises the 
chaquenian vegetation types, whereas cluster y comprises the vegetation 
of the dry Caribbean coast and W Ecuador. Finally, the Cerrados are 
closer to the Amazon forest stand (group 8), while the Atlantic rainforest 
remains isolated (e).
The results of the PCA analysis are shown in Fig. 6.4. Clearly 
detached from all the rest of the vegetation types are the members of the 
Chaquenian Dominium (cluster a’). The remainder, although showing 
enough coherence to be regarded as a single cluster (P*), can be further 
separated in two subclusters. Subcluster p*i comprises the Caatingas 
and, closely related, the dry vegetation of Venezuela, Colombia and 
Ecuador, along with the three typical representatives of the Amazonian 
Dominium. Subcluster p’2 consists of the southern half of the 
Pleistocenic Arc, including the Subandean Piedmont Forests (I) and the 
Austro-Brazilian Transitional Forest (D).
6.2.2- Analysis at generic level:
In Table 6.3 the results of the classic phytosociological study at 
generic level are shown. Once again the members of the Chaquenian 
Dominium (A, B & C) are well defined as a unit by the FG DI, D11, 0111 
and IK, while their links to the seasonal formations are illustrated by FG 
K to HLII. The genera restricted to the Pleistocenic Arc are between those 
in FG K U 111 and K K H U I, whereas the genera which extend from the 
Pleistocenic Arc to the Guajira province and Ecuador are included in FG 
KIH, HHILJ, KKU, K K KIK and KL. Some of the relevant genera of the 
Caatingas (J) and Subandean Piedmont Forests (I) are widespread in the 
Pleistocenic Arc but also occur in Colombia, Venezuela, Ecuador and the 
Amazonian Dominium (FG KH, KKI and KHIK). The generic links of the 
Upper Uruguay Forests (G) with the Caatingas (J) are shown in FG 
KKU I, while those with the Subandean Piedmont Forests (I) are indicated 
in FG K K U11. It is noteworthy that FG XXXVII emphasizes the floristic 
contacts at generic level of solely the Caatingas (J) and the Subandean 
Piedmont Forests (I), while FG HLI and HL 111 those between the 
Caatingas and the Guajira province and W Ecuador(M, N and O). The
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Fig. 6.5: Dendrogram resulting from CLINK classification analysis of the 
main South American seasonal forests, at generic level. Letters in the 
bottom line indicate the communities studied (see Table 6.2 for key), and 
the figures in the vertical line the similarity index value at each level of 
fusion.
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Fig. 6.6: Scattergram from PCA analysis of South American 
seasonal forests at generic level. See explanation in text.
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floristic relationship Caatingas/Amazonian Dominium is shown in FG 
HLIU and HLU, while FG L to LI 11 indicate the internal coherence and 
close links between the formations of the Amazonian Dominium.
The dendrogram resulting from the CLINK analysis (Fig. 6.5) 
shows unmistakably that both the Chaquenian Dominium (group a) and 
Amazonian Dominium (group 6) are clearly isolated from the rest of the 
vegetation types. The group p emphasizes very close links at generic 
level between the Subandean Piedmont Forests, the Caatingas, the 
Guajira province and W Ecuador. Group y comprises the Austro- 
Brazilian Transitional Forest together with the rest of the southern 
seasonal forests.
The previous results are remarkably congruent with the 
scattergram of Fig. 6.6, where again the Chaquenian (cluster a’) and 
Amazonian (cluster p’) dominia are plainly detached from the seasonal 
forests, which in this case are together in a single cluster4 (/). The latter 
shows anyhow that the Caatingas (J) are floristically very close to the 
Guajira province (M and N), W Ecuador (O) and the Subandean 
Piedmont Forests (I).
J,
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TABLE 6.2: Phytosociological analysis of the main South American 
Seasonal Forests. Specific level
Column A- The Monte province, Argentina (sensu Morello, 1958:145-50).
B- Chaco s.s.: Sierra Chaco, Argentina (Sayago, 1969, p.224).
C- Chaco s.s.: the lowland Chaco in its Eastern, Central and
Western districts, Argentina. Floristic list from Sect. 4.1, 
excluded the species exclusive to the Sierra Chaco.
D- Austro-Brazilian Transitional Forest, Argentina (see Sect. 
2.3.3.a). Floristic list from Lewis & Pire, 1981, and author's field 
experience; also Morello et al.,1971, Morello & Adamoli, 1974, 
and Cabrera, 1976.
E- 'Selva de Ribera', Argentina (Prado et al., in press a; Morello & 
Adamoli, 1974).
F- Gallery Forest, Argentina (Franceschi & Lewis, 1979).
G- Upper Uruguay River Valley Forests, Santa Catarina and Rio
Grande do Sul, Brazil (Klein, 1972; Rambo, 1980).
H- Planalto Forest, Vassununga & Bauru, Sao Paulo, Brazil 
(Martins, 1979, pp 108-9; Cavassan et al., 1984).
I- Subandean Piedmont Forests, in both its 'Palo bianco' and 'Tipa- 
Pacara' variants. Floristic list taken from Sect. 4.3.
J- The Caatingas province, Brazil. Floristic list: Sect. 4.2.
K- Calcareous woodlands, Mato Grosso do Sul, Brazil (Ratter et al.,
1988b, p.516; Prado et al., in press b).
L- Calcareous forest, Janudria, MG, Brazil (Ratter et al., 1978).
M- Dry Caribbean vegetation of Venezuela. The floristic list is an
aggregate of Aristeguieta's (1968) "selva veranera" (summer- 
green forest) and semiarid scrublands (Matteucci & Colma, 
1982, pp 102-4).
N- Dry Caribbean vegetation of Colombia (Dugand, 1970, pp 428-31; 
Rieger, 1976, pp 40-1).
O- Dry forests, woodlands and savannas of W Ecuador, as in 
Acosta-Solis (1966, pp 413-5) and Harling (1979).
P- Cerrado and cerradao in Brasilia, Federal District (Ratter, 1986; 
P.E. Oliveira, pers. comm.).
Q- Atlantic rainforest, Ubatuba, SP, Brazil (Silva & Leitao F9, 1982). 
R- Amazon forest, km 30 on the road Manaus-Itacoatiara,
Amazonas, Brazil (Prance et al., 1976,pp 28-35).
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TABLE 6,3: Phytosociological analysis of the main South American 
Seasonal Forests. Generic leveL
Column A- The Monte province, Argentina (sensu Morello, 1958:145-50).
B- Chaco s.s.: Sierra Chaco, Argentina (Sayago, 1969, p.224).
C- Chaco s.s.: the lowland Chaco in its Eastern, Central and
Western districts, Argentina. Floristic list from Sect. 4.1, 
excluded the species exclusive to the Sierra Chaco.
D- Austro-Brazilian Transitional Forest, Argentina (see Sect. 
2.3.3.a). Floristic list from Lewis & Pire, 1981, and author's field 
experience; also Morello et al.,1971, Morello & Adamoli, 1974, 
and Cabrera, 1976.
E- 'Selva de Ribera', Argentina (Prado et al., in press a; Morello & 
Adamoli, 1974).
F- Gallery Forest, Argentina (Franceschi & Lewis, 1979)
G- Upper Uruguay River Valley Forests, Santa Catarina and Rio
Grande do Sul, Brazil (Klein, 1972; Rambo, 1980).
H- Planalto Forest, Vassununga & Bauru, Sao Paulo, Brazil 
(Martins, 1979, pp 108-9; Cavassan et al., 1984).
I- Subandean Piedmont Forests, in both its 'Palo bianco' and 'Tipa- 
Pacara' variants. Floristic list taken from Sect. 4.3.
J- The Caatingas province, Brazil. Floristic list: Sect. 4.2.
K- Calcareous woodlands, Mato Grosso do Sul, Brazil (Ratter et al.,
1988b, p.516;Prado et al., in press b).
L- Calcareous forest of Janudria, MG, Brazil (Ratter et al., 1978).
M- Dry Caribbean vegetation of Venezuela. The floristic list is an
aggregate of Aristeguieta's (1968) "selva veranera" (summer- 
green forest) and semiarid scrublands (Matteucci & Colma, 
1982, pp 102-4).
N- Dry Caribbean vegetation of Colombia (Dugand, 1970, pp 428-31; 
Rieger, 1976, pp 40-1).
O- Dry forests, woodlands and savannas of W Ecuador, as in 
Acosta-Solis (1966, pp 413-5) and Harling (1979).
P- Cerrado and cerradao in Brasilia, Federal District (Ratter, 1986; 
P.E. Oliveira, pers. comm.).
Q- Atlantic rainforest, Ubatuba, SP, Brazil (Silva & Leitao F2, 1982). 
R- Amazon forest, km 30 on the road Manaus-Itacoatiara,
Amazonas, Brazil (Prance et al., 1976,pp 28-35).
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510 BIGN Xylophragma ,
511 MALP Hiraea
512 ASCL Mate lea I
513 THEO Clavija 1
514 CACT Armatocereus
515 CACT Hylocereus
516 LEGM Leucaena I
517 ANAC Anacardium
518 ARAL Nothopanax ,
5,9 ASTE Wedelta
520 LOGA Antonia ,
521 CELA Austroplenckla 1
522 MYRT Blepharocalyx ,
523 LEGP 8owdichia
524 AREC Butia
525 MALP Byrsonima ,
526 CELA Cheiloclinium ,
527 CONN Connarus
528 MYRS Cybianthus 1
529 DILL OaviUa ,
530 ARAL Didymopanax ,
531 EBEN Diospyros
532 1C AC Emmotum 1
533 RUB, Ferdinandusa ,
534 APOC Hancornia 1
535 CLUS Klelmeyera
536 LYTH Lafoensla
537 MYRT Pimenta ,
538 LEGM Plathymenia 1
539 LEGP Pterodon
540 VOCH Salvertia J
541 RUS1 Tocoyena
542 LEGP Vatalrea
543 VELL Vellozia 1
544 RUBI Amaloua
545 EUPH Aparisthmium
546 AREC Astrocaryum
547 AREC Attalea ,
548 AREC Barbosa ,
549 RUB, Bathysa 1
550 CLET Clethra
55, PROT Euplassa
552 MELA Hennettella
553 EUPH Hyeroni/na ,
554 LEGP Hymenoloblum ,
555 CUNO Lamanonia ft
556 EUPH Mabea
557 LEGM Macrosamanea 1
558 APOC Malouetia ,
559 LEGM Pseudoplptadenia 1
560 RUB, Psyc 1
56, CLUS Rheedia 1
562 ASTE Stifftia ,
563 ANAC Tapirira ,
564 APOC Ambelania
565 VIOL Amphirrox
566 APOC Anacampta
567 ANNO Bocaqeopsis 1
568 BOMB Bombacopsis 1
569 COMB Buchenavia 1
570 MYRT Calyptranthes
57, RUB, Chimarrhis ,
572 EUPH Conceveiba ,
573 LECY Corythophora
574 LECY Couratari
575 LEGP Dipteryx
576 DUCK Duckeodendron
577 ANNO Duquetia
578 RUBI Duroia
579 HUM! Endopleura I
580 LEGC Eperua ,
581 ANNO Ephedranthus ,
582 SAPO Eremoluma
583 VOCH Erisma
584 LECY Eschweilera I
585 SAPO FrancheteUa ,
586 APOC Geissospermum ,
587 GNET Gnetum
588 MORA Helianthostyhs
589 MORA Helicostylis ,
590 LECY Holopyxidium 1
59, MYRI tryanthera
592 FLAG Laetfa
593 VIOL Leonia
594 LAUR Licaria
595 OLAC Llriosma
596 TIL, Lueheopsis ,
597 LEGC Macro,oblum ,
593 MORA Maquira
599 OLAC Minquartia
600 MELA Mourlria ,
60, MORA NauCeopsis
602 SAPO Neoxythece ,
603 AREC Oenocarous 1
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7. THE ZOOLOGICAL EVIDENCE
7.1- The avian evidence:
The strongest evidence which apparently supports the alleged 
bio geographical link between the Chaco and the Caatingas has come 
from the zoological field. In a landmark paper, Short (1975) analyzed the 
Chaco avifauna, and based on what he regarded as a "markedly low 
ehdemism" and "the very close affinities with surrounding avifaunas" 
concluded that "the 'chaco avifauna' [is ] a nonentity, the term being 
useful only in a strictly distributional context" (Short, op . cit ., p.329). 
All other biogeographical areas of South America — divided in two 
groups: regions adjacent to and regions distant from the Chaco — were 
compared to his bird species list. Five out of the six neighbouring 
regions showed very high numbers of common species with the Chaco 
(e.g. 311 bird taxa in common with the Cerrados), vdiereas amongst the 
distant regions the Caatingas proved to have the strongest link: 248 
species. The elevated figures of common species between the Chaco and 
the distant Caatingas attracted the attention of biogeographers (Cabrera 
& Willink, 1980; Bucher, 1982a; Haffer, 1985) and has seemed to give solid 
support to the Chaco-Caatingas link. However, an attempt will be made 
here to analyze in closer detail the component distribution of the bird 
species discussed by Short (1975).
At the outset, it is important to note that Short's concept of the 
Chaco differs from that employed by various authorities, and also that 
used in the present study (as discussed in Ch. 2 & 8). Short (1975, Fig.l) 
shows an area latitudinally wider and meridianally shorter than that of 
the actual Chaco according to most authors. He included within it not 
only the whole of the Eastern Chaco (whose phytogeographical identity is 
under discussion here), but also a good deal of Paraguay east of the 
Chaco region which can hardly be considered as part of it. The western 
sector of the Pantanal is apparently also shown as Chaco in Short's map, 
an area with little real contact with true Chaco vegetation (Prado et al., in 
press, b).~ To the south of the region, Short omitted a considerable area 
which is the southwestern tip of the Chaco, comprising NW Cdrdoba, E 
La Rioja and N San Luis (compare with Ragonese & Castiglioni's [1970] 
map of the Argentine Chaco). Thus, a lot of tropical and subtropical 
wetter areas in the north and east of the region were added to the core
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area of the Chaco, together with their avifaunas, while the temperate and 
very dry sectors in the south and very particularly the southwest were 
excluded by Short.
As a result of these peculiar geographical limits set by Short 
(1975) the Chaco avifauna was bound to be a 'nonentity*. A good deal of 
tropical birds of more humid areas elsewhere in South America were 
encompassed within the 409 list of species for the Chaco provided by 
Short, which was in sharp contrast with the 220 species listed by Olrog 
(1963a) for the Argentine Chaco. This latter figure seems much more 
realistic, given the low environmental diversity in the region, even 
allowing for an increase in the number of species when the Bolivian and 
Paraguayan Chaco are included to make it comparable to Short’s study. 
Thus, a number of elements alien to the Chaco s.s. were included in the 
list, which in fact only occur marginally in definitely non-chaquenian 
areas such as the Pantanal (Mato Grosso do Sul), E Paraguay or along 
the major river systems bordering the Chaco such as the Paraguay and 
Parana watercourses. The addition of such species diminished the 
relevance of the authentic chaquenian elements, a fact already noted by 
Muller (1973, p.143), while conversely this increase of elements coming 
from more humid areas did not incorporate any new endemics to the 
Chaco sensu Short, In Short's view, there is only one endemic species 
(Eudromia formosa ), and three endemic subspecies in the Chaco. 
However, if the missing SW chaquenian sector is added, the region 
recovers its biogeographical homogeneity since it is a well-defined 
natural area with concrete and characteristic environmental features 
(see Ch. 2), and several Chaco bird species can be once again regarded as 
endemisms.
In Table 7.1 the endemic birds of the Chaco are listed; the 
source of this information comes mainly from Short (1975), both his maps 
and comments on the range of distribution, cross-checked with Cory & 
Hellmayr (1924), Olrog (1963a & b), Vaurie (1964 & 1980), Meyer de 
Schauensee (1966), Short (1971 & 1976), Muller (1973), and Haffer (1985). 
On this basis, the Chaco biogeographical region comprises one endemic 
monotypic genus (Chunga ), seven endemic species and at least four 
endemic subspecies in its avian fauna, so that it can be considered a well- 
defined faunal dispersal centre (sensu Muller, 1973). It should be
Chapter 7
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TABLE 7.1:Birds endemic to the Chaco.
. Taxon endemic
RHEIDAE
Rhea americana araneipes subsp
TINAMIDAE
Nothura maculosa chacoensis subsp
Nothura maculosa pallida subsp
Nothura maculosa paludivaga subsp
Eudromia formosa sp
CRACIDAE
Ortallis canicollis sp
CARIAMIDAE
Chunga burmeisteri genus
PICIDAE
Dryocopus schulzi sp
FURNARIIDAE
Furnarius cristatus sp
TYRANNIDAE
Pseudocolopteryx dillenianus sp
EMBERIZIDAE
Lophospingus pusillus sp
Chapter 7
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pointed out that this list (Table 7.1) and the subsequent one (Table 7.2), do 
not pretend to be exhaustive at the subspecific level but simply aim to 
record the most outstanding forms of otherwise widespread species.
The Caatingas are richer in avian endemisms as Table 7.2 
shows, which must be essentially due to their far greater environmental 
diversity in comparison with the Chaco plains (cf. Ch. 2 & 4). This table 
is derived from careful study of the information provided principally in 
Hellmayr (1929) and Meyer de Schauensee (1966), but also Cory & 
Hellmayr (1924), Naumburg (1939), Muller (1973), Coelho (1978), Vaurie 
(1980), Haffer (1985), Leite (1987) and Silva (1989). There are three 
monotypic genera endemic to the Caatingas (Cyanopsitta, Megaxenops 
and Rhopornis ), and ten endemic species and at least ten subspecies. 
The number of endemic genera could be doubled if those presently 
submerged in synonymy Nyctipolus {-Caprimulgus ), Anopetia 
(=Phaethornis ) and Gyalophylax (=Sy nail axis ) genera were accepted as 
distinct.
There are considerable differences, not only quantitative but 
also qualitative, between the endemic taxa to the Chaco and to the 
Caatingas. The Chaco is richer in elements of southerly origin, such as 
the very important family Tinamidae. For instance, the genus Nothura 
reaches its highest diversity in the region, and this is essentially a 
Patagonian-Andean-Pampean-Chaquenian genus barely extending into 
the Caatingas (Short, 1975), while the genus Eudromia does not even 
reach the Pantanal. In contrast, the genus Crypturellus in the same 
family is basically tropical-Amazonian, with several species in the 
Caatingas and only one species widespread throughout the Chaco (C. 
tataupa tataupa ) where the genus finds its southernmost expansion. In 
the Caatingas the families with an outstanding degree of endemicity are 
the Psittacidae, Furnariidae and very specially the Formicariidae, which 
contrarywise, show scarce or no endemism in the Chaco.
It should also be emphasized that between the endemics of both 
areas there are no cases of very close relatives, with one endemic in 
either formation and none elsewhere, and likewise no pairs of 
congeneric, endemic species which would indicate a very strong link. 
An apparent exception, the case of the caatinga endemic subspecies of
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TABLE 7.2: Birds endemic to the Caatingas.
TINAMIDAE
Crypturellus noctivagus zabele 
Nothura maculosa cearensis
CRACIDAE
Penelope jacucaca
COLUMBIDAE
Columba picazuro marginalis
PSITTACIDAE
Anodorhynchus leari 
Aratinga cactorum cactorum 
Cyanopsitta spixii
CAPRIMULGIDAE
Caprimulgus (-Nyctipolus) hirundinaceus
TROCHILIDAE
Phaethornis (=Anopetia) gounellei
PICIDAE
Picummus limae
DENDROCOLAPTIDAE
Lepidocolaptes squamatus wagleri 
Xiphocolaptes falcirostris
FURNARIIDAE
Megaxenops parnaguae 
Synallaxis (-Gyalophylax) hellmayri
FORMICARIIDAE
Formicivora iheringi 
Rhopornis ardesiaca 
Sakesphorus cristatus 
Thamnophilus caerulescens cearensis
CONOPOPHAGIDAE
Conopophaga lineata cearae
TYRANNIDAE
Idioptilon mirandae mirandae 
Phyllomyias fasciatus cearae 
Phylloscartes roquettei
TROGLODYTIDAE
Thryothorus longirostris bahiae
Taxon endemic
subsp
subsp
sp
subsp
sp
subsp
genus
sp (genus)
sp (genus)
sp
subsp
sp
genus 
sp (genus)
sp
genus
sp
subsp
subsp
s«bsp
subsp
sp
subsp
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Nothura maculosa , is in fact negligible since this species is widespread 
in southern South America (see Short, 1975, Fig. 16). Short (1975, Fig. 
15) indicates the contrary when he mapped the ranges of distribution of 
both Nothura horaquira and Myrmorchilus strigilatus with two disjunct 
nuclei in the Caatingas and northern Chaco. However, the ranges of 
these species need to be analyzed in detail, as below.
7.2- Avian patterns of distribution;
In his study Short (1975, p. 337) listed 16 species as disjuncts
between the Chaco and the Caatingas (Table 7.3). None of them occur 
exclusively in the Chaco and the Caatingas and nowhere else; on the 
contrary, all of them can be found in at least one other biogeographical 
natural zone (generally neighbouring areas to either of them), and some 
do not occur in the Chaco s.s. at all. The first listed species is Nothura 
horaquira (Tinamidae).* In Fig. 7.1 all known localities for this species 
are shown (Conover, 1950; Short, 1975 & 1976). It is evidently a true 
caatinga bird, extending even to a locality in Maranhao very close (a few 
kilometers away) to those indicated by Bigarella et al. (1975) as 
disjunctions of the Caatingas vegetation in that state. This Tinamidae 
then reappears in Santa Cruz de la Sierra and Chiquitos areas in Bolivia, 
close to but out of bounds of the Chaco, and finally there is a group of 
collections in the more humid Eastern Chaco in Paraguay. Closely 
following the distribution of Nothura horaquira is the Furnariidae 
Pseudoseisura cristata (Fig. 7.2), with the nominatel subspecies in the 
Caatingas, and P. cristata unirufa spreading along the upper Paraguay 
river in SW Brazil and Paraguay, and across E Bolivia to Santa Cruz and 
El Beni.
A very similar pattern of distribution is followed by 
Myrmorchilus strigilatus (Fig. 7.3), again a true caatinga species with 
disjunctions in the area usually regarded as Eastern Chaco on the 
western bank of the river Paraguay, from Urucum (a calcareous hill 
close to Corumbd in Mato Grosso do Sul) to the river Bermejo in the 
Formosa province, Argentina. To the west of the Chaco this 
Formicariidae is restricted to the Subandean Piedmont Forests from 
Santa Cruz in Bolivia to eastern Jujuy in Argentina (Cory & Hellmayr,
1 The term "nominate" in Zoology equates to "typical" as employed in plant 
systematics.
SB
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TABLE 7.3: Alleged Chaco-Caatingas disjuncts (Short, 1975).
TINAMIDAE
Nothura boraquira
RALLIDAE
Aramides ypecaha 
Porzana albicollis
COLUMBIDAE
Columba picazuro
PSITTACIDAE
Aratinga acuticauda
CUCULIDAE
Coccyzus cinereus
STRIGIDAE
Glaucidium minutissimum
FURNARIIDAE
Synallaxis (-Schoeniophylax) phryganophila 
Pseudoseisura cristata
FORMICARIIDAE
Myrmorchilus strigilatus
COTINGIDAE
Xenopsaris albinucha
TYRANNIDAE
Xolmis irupero 
Stigmatura budytoides
ICTERIDAE
Molothrus badius 
Icterus icterus
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Fig. 7.4: Distribution map of Synallaxis [Schoeniophylax ^phryganaphila
1924; Naumburg, 1939). Thus both Nothura boraquira and 
Myrmorchilus strigilatus leave in fact a huge blank in their range of 
distribution in between two N-S orientated arms. This blank 
corresponds to the main bulk of the Chaco s.s. , contrary to Short's map 
in his Fig. 15.
Another such a case is the Furnariidae Sy nail axis 
phryganophila (Fig. 7.4), previously considered a monotypic genus, 
Schoeniophylax , but later submerged into Synallaxis by Vaurie (1980), 
though still as the only monotypic subgenus. The present author has 
been unable to trace itemized lists of localities for this species, but its 
distribution can be reconstructed from Olrog (1963a), Meyer de 
Schauensee (1966), Short (1975) and Vaurie (1980). This bird shows 
again a blank for the area occupied by the Chaco, surrounding it from 
west, north and east, and with an additional expansion of range to the 
Argentine Mesopotamia, Rio Grande do Sul in Brazil, and Uruguay. On 
the other hand, it occupies a reduced sector in the middle Sao Francisco 
river within the Caatingas. It is reported in the literature (Vaurie, 1980) 
that it can reach the Santiago del Estero province in Argentina, but 
owing to the nature of its general pattern of distribution (highly 
coincidental with the Pleistocenic Arc, see Sect. 5.3.1) it is likely to appear 
there only in upland areas such as those in the west of the province or 
some isolated low-altitude hills in the extreme northwest, e.g. Cerro del 
Remate.
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There is another group of species, amongst those listed by 
Short (1975) as Chaco-Caatingas disjuncts, which are certainly Chaco 
avian elements, and which do also occur in the Caatingas. However, 
they are not restricted to the Chaco area itself but spread widely on to 
neighbouring and distant formations. This is the case of the 
Tyranniidae Xolmis irupero (Fig. 7.5), with a geographical race nivea in 
the central dry area of the Caatingas (Short, 1975; Fitzpatrick, 1980), 
whilst the nominate form occurs in the Beni department in Bolivia (Cabot 
et al., 1986) south to SE Bolivia, SW Mato Grosso do Sul in Brazil, 
practically all of Paraguay, the dry subtropical forests in the Subandean 
piedmont, the Chaco-Pampean plains and Mesopotamia in Argentina, 
the Uruguay Republic and adjoining Rio Grande do Sul in SE Brazil, 
extending west into San Juan and Mendoza at the foothills of the Andes.
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Fig. 7.5: Distribution map of Xolmis irupero irupero (race ni.vea in 
oblique hatching).
Fig. 7.6: Distribution map of Aramides ypecaha.
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The disjunction in this species is obviously much wider than simply a 
Chaco-Caatingas one, but it includes the Moxos savannas in NE Bolivia, 
subtropical rainforests in E Paraguay, Misiones and Rio Grande do Sul, 
the treeless Pampas and the semidesert of the Monte in W Argentina.
Other cases reported by Short as Chaco-Caatingas disjuncts 
but which in fact are similarly more widespread are: Columba picazuro 
(Columbidae), isolated in Caatingas and spreading throughout the 
Subandean piedmont, Chaco and Pampas, the Paraguay-Parana river 
system, and occasionally reaching N Patagonia (Olrog, 1963a); Aratinga 
acuticauda (Psittacidae), occurring in N Colombia and Venezuela, 
disjunct in the Caatingas, and then reappearing in the Subandean 
piedmont, Chaco, Argentine Mesopotamia, Pampas and Espinal; the 
Tyranniidae Stigmatura budytoides occurs in the Caatingas in 
isolation(Short, 1975; Fitzpatrick, 1980), but then is distributed mainly in 
W Argentina from the Rio Negro province in Patagonia, throughout the 
Monte and the Subandean piedmont in Argentina and Bolivia (Tarija, 
Santa Cruz de la Sierra), and apparently also extends into dry Andean 
valleys in Cochabamba and Chuquisaca, and barely reaches the Chaco in 
its SW sector; Molothrus badius (Icteridae) is the most widespread 
species of this set of cases, with isolated populations in the Caatingas but 
with a continuous distribution from central Bolivia and Mato Grosso in 
the Pantanal, throughout Paraguay, the Paraguay-Parand river system, 
the dry forests in the Subandean piedmont (Vuilleumier, 1986), Chaco, 
Pampas and Monte to Rio Grande do Sul and Uruguay, being sometimes 
accidental in Chile across the Andes.
A different case is posed by the cuckoo Coccyzus cinereus 
(Cuculidae) which should be considered as a Chaco-dry Caribbean area 
disjunct as shown in Short’s map of Fig. 29, while its presence in the 
Caatingas remains unproven. This cuckoo has been reported as an 
accidental migrant in the Sao Francisco river in Bahia and also in Goias 
(Meyer de Schauensee, 1966), but it is not listed for the Caatingas or Goias 
by Hellmayr (1929), Coelho (1978), Leite (1987) or Silva (1989). It is a 
widespread species not only in the Chaco but also in NW Bolivia (Cabot et 
al., 1986), E Paraguay, Argentine Mesopotamia, the Pampas and to the 
west into the Monte and the Subandean piedmont (Short, 1975). Also 
different is the range of distribution of the Aramidae Aramides ypecaha
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(Fig. 7.6), disjunct in NE Brazil (Bahia, Piaui, etc.), E Mato Grosso, and 
then from E Paraguay and Misiones south to Buenos Aires following the 
major water-systems (Paraguay, Parand and Uruguay rivers), and east 
to Rio Grande do Sul and Uruguay. Within the Chaco this wood-rail is 
confined to the Eastern Chaco, whose phytogeographical position will be 
discussed later.
The remaining five species of the 16 alleged disjuncts listed by 
Short (1975) share a common factor:they are completely or nearly 
completely absent from the Chaco s.s. . The Rallidae Porzana albicollis 
shows a very exciting range (Fig. 7.7), following the Tropical and 
Subtropical Seasonal Forests Pattern described in Sect. 5.3.2.. It occurs 
in the dry Caribbean coast of Colombia and Venezuela, dry interandean 
valleys in SW Colombia, some parts of the Orinoco river valley and in the 
Guianas. The- collections from around Obidos and Santarem in the 
Amazon valley are noteworthy, since this is an area where some 
caatinga tree species have been collected as well. There seems to be a 
continuous distribution from central Caatingas to Minas Gerais and Sao 
Paulo, to then reappear in the Paraguay-Parana river system involving 
much of E Paraguay, Misiones and NW Corrientes. Finally, whilst 
being absent from the Chaco, it is reported for the deciduous forests in 
NW Argentina and central Bolivia from Santa Cruz de la Sierra to La 
Paz.
To some extent the Strigidae Glaucidium minutissimum 
overlaps the previous pattern of distribution, spreading from Mexico and 
Panama to NW Colombia, with an Amazonian nucleus in Guyana and 
adjoining Roraima, Amapa and Para in . Brazil, occurring in the 
Caatingas of Bahia and with disjunct populations in Mato Grosso and NE 
Paraguay, but not recorded for the Chaco. The Cotingidae Xenopsaris 
albinucha minor (Fig. 7.8) occurs in two apparently isolated areas in 
Venezuela, whereas the nominate form is known from the Caatingas, 
and also disjunct populations along the Paraguay-Parana river valleys, 
in the Cordoba hills and the Subandean Piedmont Forests in NW 
Argentina, and in El Beni in Bolivia. This distribution clearly 
contradicts Short’s map (1975, Fig. 45) in which he showed X. albinucha 
albinucha covering the whole of the Chaco. The map of Fig. 7.8 follows 
Olrog (1963a, p. 23) who cites this cotingidae for both subtropical areas on
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the east and west of the Chaco, but not for the Chaco itself (Olrog, 1963a, 
p. 28-29). Finally, the Icteridae Icterus icterus (Fig. 7.9) has a 
distribution similar to that of Porzana albicollis (see Fig. 7.7), but it is 
much more widespread in the central Amazon, the Caatingas and part 
of the Cerrados, and it occurs in SW Ecuador and NW Peru, from where 
P. albicollis is absent. Icterus icterus is not entirely absent from the 
Chaco since Short (1976) found collections from the Eastern Chaco in 
Lichtenau, Paraguay.
A number of other bird species which are listed in the 409 
'Chaco' species by Short (1975) do not occur within the Chaco s.s. or only 
marginally in certain parts of Eastern Chaco. Some of these birds in fact 
follow a distribution range which resembles that of some of the typical 
caatinga tree species. One such example is the range of Herpsilochmus 
pileatus (Fig. 7.10), of which the typical form is essentially a Caatinga 
element (Hellmayr, 1929) with a disjunct collection in the area of 
Chiquitos, Bolivia (Olrog, 1963b). The subspecies H. pileatus 
atricapillus, also basically a Caatingas bird where it is sympatric to the 
nominate form, spreads further west into Maranhao in perhaps 
deciduous formations related to the 'sertao', south to the Planalto in 
Minas Gerais and Sao Paulo, and southwest in calcareous mesophilous 
forests in Goias and Federal District (Silva, 1989). Further west it 
reaches the Corumba area and E Paraguay, and also extends to the 
Serramas of Chiquitos, Santa Cruz de la Sierra, and the deciduous 
forests in the Subandean piedmont in NW Argentina. The Urubamba 
and Maranon valleys in Peru comprise the few known ^collections of the 
subspecies H. pileatus motacilloides (Cory & Hellmayr, 1924). There is 
thus a conspicuous similarity between the pattern of distribution of the 
polytypic Formicariidae Herpsilochmus pileatus and some woody 
species such as Anadenanthera colubrina var. cebil , Astronium 
urundeuva or Pterogyne nitens , outstanding members of what is called 
here Residual Pleistocenic Seasonal Formations Arc (see Sect. 5.3.1).
The whole of the genus Melanopareia in the Rhinocryptidae 
seems to have this distribution (Fig. 7.11), in which case it would be 
endemic to the Pleistocenic Arc. The nominate form of Melanopareia 
torquata covers a rather reduced sector of the caatingas, while the 
subspecies rufescens and bitorquata link NE Brazil to the Planalto in
Chaco-Caatingas floristic links 181
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Fig. 7.10: Distribution map of Herpsilochmus pileatus pileatus 
(diamonds), H. p. atricapillus (dots) and H. p. matacilloides (stars).
Fig. 7.9: Distribution map of Icterus icterus (I. i. strictifrons : more 
densely stippled).
/ • y,„
Fi
g.
 7.1
2:
 Di
st
rib
ut
io
n m
ap
 of
 C
on
to
pu
s ci
ne
re
us
 cin
er
eu
s (d
ia
go
na
l 
pa
tt
er
n)
, C. 
c.
 p
al
le
sc
en
s (ve
rt
ica
l h
at
ch
in
g)
 an
d C
. c. 
br
ac
hy
ta
rs
us
 
(s
tip
pl
ed
).
Fi
g.
 7.1
1:
 Di
st
ri
bu
tio
n m
ap
 of
 th
e g
en
us
 M
el
an
op
ar
ei
a : M
. to
rq
ua
ta
 
to
rq
ua
ta
 (op
en
 sq
ua
re
s)
, M
. t. 
ru
fe
sc
en
s (d
ia
m
on
ds
), M
. t. 
bi
to
rq
ua
ta
 
(d
ia
m
on
d i
n s
qu
ar
es
); M
. ma
xi
m
ili
an
i m
ax
im
ili
an
i (op
en
 ci
rc
le
s)
, M
.
Chaco-Caatingas floristic links 182
Sao Paulo and isolated areas in Goids and Mato Grosso, and to the 
Chiquitos sector in Bolivia respectively. Melanopareia maximiliani 
argentina shows a typical amphichaquenian distribution, sticking to the 
Paraguay-Parand system on the east, and to piedmont areas from Santa 
Cruz de la Sierra to Cordoba, in the west; the nominate maximiliani 
spreads only in central Bolivia. Finally, M. elegans is restricted to SW 
Ecuador and NW Peru, while M. maranonica seems to be an endemic of 
the neighbouring dry valley of the lower Maranon river.
Another species listed by Short but not considered chaquenian 
here is the Tyranniidae Contopus cinereus , with the nominate form in 
SE Brazil, Misiones and E Paraguay, whilst C. cinereus pallescens 
spreads from the Caatingas through central Brazil to the Subandean 
piedmont in Bolivia and Argentina (Fig. 7.12). Another subspecies, 
brachytarsus , on the other hand, shows disjunct populations in the 
Guianas, Amazonian Venezuela, SW Ecuador and NW Peru area 
connected to the Maranon valley, the dry Caribbean coast of Venezuela 
and Colombia spreading south via the Magdalena river valley, and then 
into Central America. The euphonic Icteridae Gnorimopsar chopi is 
also what is here regarded as an amphichaquenian species (see also 
Olrog, 1963a, p. 24), though frequent in the Eastern Chaco of Paraguay 
and Argentina. Its subspecies sulcirostris shows an exciting 
disjunction between the Brazilian Caatingas and the Subandean 
Piedmont Forests in S Bolivia and NW Argentina (Fig. 7.13), thus closely 
paralleling the distribution of the tree Piptadenia viridiflora (see Fig. 
5.48). Amphichaquenian as well is the Tyranniidae Inezia inornata 
(Fig. 7.14), whose closest ally (Z. tenuirostris ) occurs in the driest areas 
of Colombia and Venezuela Caribbean coast. The parakeet Aratinga 
nenday (also referred to the monotypic genus Nandayus ) is clearly 
restricted to the major river valleys and to the axis Santa Cruz-Corumbd 
(Fig. 7.15), thus bordering the Chaco but not getting into it and coinciding 
with the Pleistocenic Arc in its 2nd nucleus (see Sect. 5.3.1); the latter 
pattern of distribution seems to be closely followed by another monotypic 
genus and species in the Tyranniidae, Culicivora caudacuta (Olrog, 
1963a; Meyer de Schauensee, 1966; Fitzpatrick, 1980). There must also be 
a number of species which were not cited by Short for the Chaco but 
which follow the Pleistocenic Arc. Such is the case of Formiciuora 
melanogaster (Fig. 7.16), mapped from data in Cory & Hellmayr (1924).
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The close relationship between the Caatingas and the dry SW 
Ecuador-NW Peru vegetation, already pointed out in Ch. 5, can be 
emphasized by the range of the Furnariidae Fluvicola nengeta (Fig. 
7.17), whose nominate form covers the Brazilian NE (Vaurie, 1980) while 
subspecies atripennis occurs exclusively on the other side of the 
continent in the aforementioned area. The even closer links, from the 
phytogeographical point of view, between the Caatingas and the dry 
Caribbean sector in northern South America is illustrated by Spinus 
yarrellii (Fringillidae) in Fig. 7.18, erroneously regarded as a Caatinga 
endemic by Muller (1973, p.115). This case is paralleled by the 
Caatingas' endemic Phylloscartes roquettei , known only from arboreal 
caatinga in the Januaria area (Silva, 1989), whose closest relative P. 
flaviventris occurs sympatrically with Spinus yarrellii in northern 
Venezuela, plus an isolated collection in Peru in, presumably, dry 
Andean valleys.
Numerous other examples of bird species following the 
patterns of plant distributions presented in this thesis can be found in the 
literature. Vaurie’s (1980) monograph on the Furnariidae shows several 
cases, such as that of Furnarius figulus (see his map 5) which clearly 
links the Caatingas to the central Amazonian area around Santarem in 
Para, and Furnarius leucopus (same map) with three disjunct 
populations in NW Venezuela and N Colombia (surrounding the lake 
Maracaibo), in SW Ecuador-NW Peru, and then a wider distribution from 
the Guianas and Rio Branco in Brazil to central Amazon valley and west 
of Obidos, south to Bolivia and central Mato Grosso, to finally reach the 
Caatingas. The whole of Vaurie’s Synallaxis group 4 seems to be 
confined to the Amphitropical Seasonal Forests pattern of distribution 
(see his map 15 vis-a-vis Sect. 5.3.3), with S. erythrothorax in Yucatan, 
Tehuantepec and Guatemala, S. candei and S. cinnamomea in dry 
coastal Colombia and Venezuela, S. gularis in Andean valleys of 
Colombia, Ecuador and Peru, and therefore linking with S. stictothorax 
of SW Ecuador-NW Peru, S. kollari isolated in Rio Branco (where one of 
the most typical caatinga tree species, Commiphora leptophloeos , Fig. 
5.35, has been collected), and finally S. scutata which spreads from the 
Caatingas to the Subandean piedmont through the Cerrados and 
mesophilous forests within the latter savannas (Silva, 1989). Certhiaxis
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Fig. 7.17: Distribution map of Fluvicola nengeta nengeta (vertical 
hatching) and F. n. atripennis (oblique hatching).
J£
Fig. 7.18: Distribution map of Spinus yarrellii.
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(-Cranioleuca) semicinerea would be a caatinga endemic but for some 
isolates in south central Goids (Vaurie, 1980; Teixeira & Luigi, 1989). 
From Short’s work (1975) some few other examples can be extracted, 
such as the Corvidae superspecies Cyanocorax chrysops or the 
Trochilidae Phaethornis pretrei , which link the Subandean piedmont in 
NW Argentina to the Caatingas. However, an exhaustive analysis of 
avian distribution is beyond the scope of this thesis.
7.3- The mammalian evidence:
The mammalian fauna of South America can shed further 
light onto the nature of the relationship of the two regions under study. 
The Caatingas mammals have been studied and listed by Mares et al. 
(1981b), Mares et al. (1985) and updated by Willig & Mares (1989), who 
found Kerodon rupestris as the only endemic of the region. They 
consider the Caatingas mammals essentially a subset of the cerrado 
fauna (Mares et al., 1985), with the paradoxical situation of a largely 
mesic-adapted tropical fauna in an area distinctive for its aridity and 
drought-adapted flora. The Chaco mammals have been more 
extensively studied (Massoia, 1970; Wetzel & Lovett, 1974; Myers & Wetzel, 
1979 & 1983; Bucher, 1980; Mares et al., 1981a; Myers, 1982; Mayer & 
Brandt, 1982), and seem to show a higher degree of endemicity. The 
Chaco has the peccary with the most restricted distribution, the 
monotypic Catagonus wagneri (Wetzel et al., 1975; Sowls, 1980-83; Mayer 
& Brandt, 1982), and several endemic rodent species (Muller, 1973; 
Myers, 1982). No endemic bats to the Chaco are known to occur to date, 
and its bat fauna appears to result more from the deletion of species from 
neighbouring areas, rather than from the differentiation or 
incorporation of new elements (Myers & Wetzel, 1983).
Thus, although some comparative studies of South American 
mammalian faunas suggest a strong affinity between the Chaco and 
Caatingas dispersal centres, e.g. Muller (1973), once again an analysis of 
individual cases provides a different picture. The excellent studies by 
Michael Mares and collaborators (Mares et al., 1981a & b), both in a 
central area of the Caatingas in Pernambuco (Brazil) and in the Chaco of 
E Salta (Argentina), provide extensive mammal lists with detailed 
habitat comments. It is particularly important that these authors 
studied not only the animal communities of reference, but also those of
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neighbouring (Puna, Prepuna, Yungas and Subandean Piedmont 
Forests) and enclosed formations (such as the cerrado of the Chapada do 
Araripe). A comparison of the lists indicates that the dry deciduous 
forests of the Subandean piedmont (so-called Transitional Forests) holds 
six species and two genera in common with the Caatingas, but these are 
absent from the Chaco. In contrast, only one of the species in common 
between Chaco and Caatingas is also absent from the Piedmont Forests 
(Euphractes sexcinctus ). These results confirm the pattern that has 
emerged for birds and tree species, i.e. that there is a strong floristic and 
faunistic link between the Caatingas and the narrow fringe of deciduous 
subtropical forests in NW Argentina and SW Bolivia, but not with the 
main Chaco area.
The Chiropteran fauna of the Paraguayan Chaco was analyzed 
by Myers & Wetzel (1983), with comparative listings between the Chaco 
Boreal and several South American biomes: Venezuela, Surinam and 
Guianas as one single block, Amazonian Peru, Bolivia, Caatingas, SE 
Brazil (basically the coastal states from Rio de Janeiro to Rio Grande do 
Sul), E Paraguay, and Uruguay. They reckoned the number of species in 
common of each of these biomes with the Chaco Boreal, and the 
Simpson’s index of faunal resemblance was calculated. In all likelihood 
they were expecting to find a high similarity between Chaco and 
Caatingas, but these two regions rendered the second lowest number of 
species in common (Uruguay was the lowest), and the lowest similarity 
index. The highest similarities for the Chaco were found with 
neighbouring eastern Paraguay and the Venezuela-Guianas block. 
Myers & Wetzel (op . cit .) blamed sampling techniques for this result: 
"The stronger relationship between Chacoan and Venezuelan faunas 
than between Chacoan and NE Brazilian faunas, for example, is probably 
an artifact of incomplete sampling". This statement merits two 
comments: firstly, whatever sampling errors may exist, they are likely to 
be of little impact compared with the attempt by these authors to compare 
faunas of well-defined natural biomes, such as the Chaco, Caatingas, 
Amazonian Peru or what they called SE Brazil, with those of political 
areas such as Bolivia and Uruguay, or a concoction of different 
environments such as those included under the heading ’Venezuela’ 
(which involves some West Indies as well, and ranging ecologically from 
tropical rainforests to the Caribbean semidesert). Secondly, the quoted
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sentence reveals the deep-rooted prejudice evident in many South 
American biogeographical studies that a strong relationship between 
Chaco and Caatingas must exist, even when their own data indicates 
otherwise. Furthermore, a number of the bat species regarded by Myers 
& Wetzel (1983) as chaquenian have never, in fact, been seen or collected 
in Chaco proper but only in marginal areas here not regarded as Chaco 
s.s. (as it happens with a number of avian species listed by Short, 1975): 
Peropteryx macrotis , Phyllostomus hastatus , Glossophaga soricina , 
Carollia perspicillata , Sturnina lilium , Vampyrops dorsalis , V. 
lineatus , Artibeus lituratus , Tadarida macrotis . Since several of these 
species are members of the Caatingas volant mammals fauna, their 
exclusion from the Chaco weakens even more the links between the 
regions.
The bat species Lonchophylla mordax , a caatinga element 
(Willig & Mares, 1989), follows to a certain extent some of the 
distributional patterns described in previous sections, such as that of the 
bird Fluvicola nengeta (Fig. 7.17) or those of some of the trees included in 
Ch 5.3.2, e.g. the Geoffroea striata/spinosa complex (Fig. 5.58). It occurs 
in S Central America, W Colombia (probably in dry interandean valleys), 
dry coastal E Ecuador and NW Peru, to then reappear in the east of Brazil 
including the Caatingas (Koopman, 1981, Fig. 10, & 1982). Except for an 
specimen from Belem, Para, it has not been recorded for the Amazon.
7.4- Herpetological distribution and other sources of evidence:
It is very difficult to draw conclusions from alleged 
herpetological relationship between Chaco and Caatingas. Vanzolini 
has repeateadly stated that much more collecting is needed and 
taxonomical studies are required to fully understand the herpetofauna 
distribution in South America (Vanzolini, 1970 & 1974). The degree of 
endemicity of the Chaco, although a very contentious matter - compare 
Muller (1973, pp. 143-145), to Blair (1976), Gallardo (1979), and Bucher 
(1980) - seems to be much higher than that of the Caatingas. Tropical 
forms penetrate along the western and eastern boundaries of the Chaco 
via gallery forests, such as Iguana iguana and Anolis chrysolepis , 
overlapping sometimes with true chaquenian elements and motivating 
some authors to include very different entities as faunal elements of the 
region, as already emphasized by Muller (op .cit .). Basically, however,
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endemic elements of the Chaco are at least one monotypic genus, 
Chacophrys (Muller, op .cit .), and some species such as Tropidurus 
melanopleurus , Liolsemus chacoensis (Muller, op .cit .), and 
Leptodactylus laticeps (Bucher, 1980). The Caatingas have apparently 
only one endemic lizard, Tropidurus semitseniatus , so that there is no 
lizard fauna characteristic of the region but it is simply part of the so- 
called diagonal of open formations extending from Maranhao to NW 
Argentina (Vanzolini, 1970, 1974 & 1976). This would imply that there 
should be strong affinities between Chaco and Caatingas by way of the 
central Brazilian Cerrados, as shown by Phyllopezus pollicaris and 
Gymnophthalmus multisculatus vs. G. rubricauda (Vanzolini, 1974). 
However, Duellman's (1979) analysis at familial level of the South 
American herpetofauna renders little evidence for such a link; his 
Brazilian Shield ecophysiographic region (lumping together Cerrados 
and Caatingas) has 31 families in common with the Atlantic Forest and 
with the Guianas Shield, 27 with the Caribbean-Orinoco area, and only 20 
with the Chaco. Analyzing only the data for the Caribbean-Orinoco area, 
the Brazilian Shield and Chaco, there are eight families in common 
between the two first regions which are absent from the Chaco, while 
only three are absent from the Brazilian Shield but common to Chaco and 
the Caribbean sector (Duellman, 1979). These data seem to indicate a 
somewhat stronger relationship between the Caribbean-Orinoco area and 
the Brazilian Shield, than between the latter with the Chaco.
Finally, the Caatingas as a biogeographical province seem to be 
very well defined also by their scorpion fauna: there are at least five 
endemic species (Lourengo, 1990). The nine species of the scorpion 
genus Rhopalurus provide additional information of the actual 
Caatingas links (Louren^o & Sastre, 1988). Apart from three 
endemisms in the West Indies, there are four species in the Caatingas 
(22. agamemmon , R. acromelas , R. debilis , R. rochae ), two of which 
also occur in the Cerrados, another one is endemic to campos around 
Santarem, Pard (22. amazonicus ; Lourenfo, 1986), and the last one, 22. 
laticauda , is distributed in the dry Caribbean sector of Colombia and 
Venezuela plus the Llanos in both countries, with one subspecies in the 
Guianas. Once again the evidence suggest a great affinity Caatingas- 
Caribbean dry area via Amazonia - and Guianas — isolated disjunctions, 
rather than the Chaco-Caatingas links postulated by Louren^o (1990).
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Cladistic analysis performed by Louren^o & Sastre (1988) indicates that 
R. amazonicus is in an intermediate taxonomic position between the 
Caribbean species and two of those from the Caatingas that spread to the 
Cerrados (R. agamemmon , R. acromelas ), whereas the other two 
caatinga species are closer to the West Indies endemics. Louren^o & 
Sastre (1988) regard R. amazonicus as a vestige of an ancient continuous 
distribution of the genus across the lower Amazon river valley.
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8. DISCUSSION
In any study of floristic links such as that between Chaco and 
Caatingas vegetation in South America there is an underlying dilemma: 
„ yicariance or dispersal?. That is, are present-day distribution patterns 
* the result of a previously continuous expanse, later interrupted, or are 
they simply the consequence of propagule dispersal which have found 
propitious terrain in areas with seasonal climate?. Harley (unpubl. 
mscrp.), in a study of 'campo rupestre' flori sties in SE Brazil which 
emphasized the links to the Mesa and Tepui formations in Venezuela, 
suggested that the number of species in common is too high to suppose 
that mechanisms of long-distance dispersal could have acted in this case, 
and argued that there must have been an earlier physical connection. 
This reasoning, which could be certainly applied here, lies at the core of 
the 'vicariance' argument. Whilst occasional 'unusual' distributions 
may be the consequence of chance long-distance dispersal effects, 
repeated distributions of taxa in a similar pattern give support to a 
vicariance explanation. The recurrent occurrence of a disjunct 
distribution outline, or endemisms whose closest relatives are vicariant 
in other segments of the same disjunct distribution pattern, provide a 
firm conviction that a common event (or events), a common migration 
pathway, a common expansion-regression phenomenon has taken place. 
This view finds further support in the fact that plant taxa following these 
patterns come from widely different families, phylogenetically very 
distant in most cases; that the patterns can also be found repeated in 
animal distribution cases (Ch. 7) and when the latter are bird species, 
those that follow the particular distribution patterns studied here are
non-migratory and some of them virtually non-flying taxa.
8.1- Redefinition of the Chaco province:
Attention has been drawn for some time to the physiognomic, 
floristic and faunistic connections between the Caatingas of NE Brazil 
and the Gran Chaco region of Bolivia, Paraguay and Argentina, an 
established view that has prevailed unchallenged so far. In studying 
this problem the need of a thorough analysis of the present-day notion of 
the Chaco arose. In the literature available to date the concept of the 
Chaco as a phytogeographical province has simply been equated with the 
Chaco as a geographical region. However, the comparative study and
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phyto sociological analyses undertaken here show that the geographical 
region known as the 'Gran Chaco' in fact includes rather different kinds 
of vegetation. Such analyses then provide the basis for an attempt to 
redefine the 'Chaco proper'.
In Sect. 6.1 the results of three different types of analysis 
applied to the Gran Chaco vegetation have been presented : the classical 
phytosociological approach and, as a more objective yardstick to evaluate 
this, two numerical analyses were performed, one to classify (CLINK) 
and one to ordinate (PCA) the samples. The congruence between the 
different results is striking. Out of the 23 vegetation units that had been 
regarded as chaquenian by different authors (see Ch. 2 & Table 6.1), five 
are definitely non-chaquenian (Gallery Forest, 'Selva de Ribera', 'Tipa- 
Pacara' Forest, 'Palo bianco' Forest, and Calcareous Forest), four are 
here considered transitional with neighbouring formations (the Austro- 
Brazilian Transitional Forest and three of the communities of Mato 
Grosso do Sul), and 14 correspond to what is here defined as Chaco sensu 
stricto : the four 'Quebrachales', 'Palosantal', 'Algarrobal', 'Vinalar', 
'Cardonal', the two 'Palmares', both Sierra Chaco, the Arid Chaco 
Woodland and the Chaco Forest at Pto Murtinho. A brief discussion on 
the excluded communities follows.
(a) Excluded communities: •
Between the communities listed in Table 6.1, none of the 
Gallery Forest (A), 'Selva de Ribera' (B), 'Tipa-Pacara' Forest (C), 
'Palo bianco' Forest (D) and the Calcareous Forest of Mato Grosso 
do Sul (F) can be regarded as chaquenian in character. Climate, 
soils and water regime are entirely different from that which 
prevails in the Chaco s.s., and as a result their flora is essentially 
of Amazonian lineage (sensu Cabrera & Willink, 1980). All of 
these vegetation types are well defined, each characterized by a 
floristic group comprising the species which are exclusive to them 
within the scope of this study. Moreover, the numerical analyses 
(Figs 6.1 & 6.2) have shown that they are more closely inter-related, 
and linked to what has been called in the present study 'Austro- 
Brazilian Transitional Forest', than to the Chaco s.s. 
communities. Therefore, none of these five vegetation types 
should be included in the Chaco phytogeographical province.
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(b) Transitional communities:
The four transitional units consist of three from the Mato 
Grosso do Sul area studied by Prado et al. (in press b): the 
Schinopsis balansae parkland (G), the Aspidosperma-Mimosa 
scrubland (H), and the Diplokeleba-Tabebuia-Capparis scrubland 
(I), and finally the here-named 'Austro-Brazilian Transitional 
Forest' (E). The first three communities contain a very low 
percentage of true Chaco species (Prado et al., in press b), along 
with a number of cerrado and semi-deciduous forest elements, and 
none of the three can be fully ascribed to any of the major 
phytogeographical units which converge in the Pantanal, i.e. 
Cerrados, Amazonian, Paranense and Chaco provinces (Adamoli, 
1982). Furthermore, the numerical analyses (Fig. 6.2) show these 
communities in a clear transitional position between the Chaco 
s.s.„and the wetter vegetation units.
The Austro-Brazilian Transitional Forest (E) is undoubtedly 
the climax community in the east of the Gran Chaco area (Lewis & 
Pire, 1981, sub 'bosque chaqueno'), i.e. the sector referred to as 
'Eastern Chaco' in all phytogeographical classifications (Morello & 
Adamoli, 1968; Ragonese & Castiglioni, 1970; Cabrera, 1971 & 
1976). Four true Chaco communities also manage to extend into 
this eastern area. These are the Schinopsis balansae 'quebrachal' 
(K), Prosopis spp. 'algarrobales' (P), Copernicia australis 
'palmares' (S), and Stetsonia coryne 'cardonales' (see Sect. 
2.3.7.b). They are evidently edaphic-dependent, and their presence 
in an area of over 900 mm yearly rainfall is allowed only by the 
physiological drought caused by the high salt content of the soil 
and consequent higher osmotic potential. Consequently, and 
contrary to the position sustained by Ragonese & Castiglioni (1970) 
and Cabrera (1976), the 'quebrachal' of Schinopsis balansae 
should not be regarded as a climax community, since rather it 
thrives on non-climatogenic saline soils, with high clay level, 
periodical waterlogging, elevated Na++ concentration and very 
strongly alkaline subsoils (Espino et al., 1983). Thus, true Chaco 
vegetation is found in a strip of some 100 km wide, parallel to the 
Paraguay and Parana rivers, in an area where climatic, edaphic
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and geomorphological conditions are different from those in the 
center and west of the Gran Chaco. Presumably, the salinity 
factor is responsible for this outlying representation, since Chaco 
elements can survive in edaphic conditions which are hostile for 
the subtropical humid forests species of the Austro-Brazilian 
Transitional Forest. This hypothesis is exactly the opposite to 
Hueck's (1972), who postulated that chaquenian species would 
occur on higher, drier ground within the floodable, water-modelled 
Eastern Chaco. On the contrary, such drier areas are covered by a 
different kind of forest dominated by species such as Patagonula 
americana , Phytolacca dioica , Ruprechtia laxiflora , Gleditsia 
amorphoides , Tahehuia impetiginosa , Pisonia zapallo , and 
Enterolobium contortisiliquum . All of these species occur 
elsewhere in subtropical humid forests in S Brazil, E Paraguay 
and N Argentina. Indeed, the species listed above are all 
widespread in South American forests, and extend to NE Brazil or 
humid Atlantic forests (Klein, 1967), or even to Central America 
and Mexico in similar ecosystems (Tabebuia impetiginosa , in 
Gentry, 1979).
Most species of the Austro-Brazilian Transitional Forest are 
elements which are common to the five vegetation types here 
excluded altogether from the Chaco s.s., e.g. the species listed 
above together with Diplokeleba floribunda ,Astronium balansae , 
ChrysophyHum gonocarpum , Pithecellobium scalare or 
Brunfelsia australis (see Table 6.1). Seven of the most typical 
Chaco species1 can also appear in this transitional unit, but they 
are never dominant trees and seem to be at the extreme of their 
ecological range in this area. Hardly any of these chaquenian 
intruders can be found further east in wetter areas either in 
Argentina, Paraguay or Brazil, and it is likely that their existence 
in this unit could be due to anthropogenic alteration of the 
environment (overgrazing, selective felling), or even brought in by 
cattle. Therefore it is proposed that this vegetation type, which has
1 These are: Geoffroea decorticans , Aspidosperma quebracho-bianco , Ziziphus mistol , 
Prosopis nigra , Schinus fasciculatus , Acacia praecox and Caesalpinia paraguariensis 
(see Table 6.1, FG XXII). Sometimes even Schinopsis balansae may appear in this 
forest, but its occurrence is very occas ional and marginal to the unit (Lewis, J.P., in 
litt.) •
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received several different names by different authors, and has 
generally been included in the Chaco province (Cabrera, 1971 & 
1976), is better called Austro-Brazilian Transitional Forest and 
should be excluded altogether from the Chaco s.s. .
This forest is basically a very impoverished version of the 
Brazilian Subtropical Forests (sensu Andrade-Lima, 1966a, and 
Klein, 1972), which is here at the extreme western limit of its 
distribution. Furthermore, and despite the presence of some 
chaquenian elements in it, the Austro-Brazilian Transitional 
Forest should be regarded as a component of the Paranense 
province of the Amazonian Dominium (sensu Cabrera & Willink, 
1980), since the dominant trees are species which are mainly 
distributed in other districts of this province where, however, they 
may be of lesser importance. Thus, of the Paranense province 
floristic stock, these species are probably those that can tolerate a 
few frosts each year, and can still compete successfully in areas 
with less alkaline and less waterlogged soils against the 
chaquenian species pushing east.
This interpretation is reinforced by the fact that most of the 
dominant species of the Austro-Brazilian Transitional Forest 
reappear further west, jumping over 700 km of dry Chaco plains, 
in the Yungas province (Smith, 1962; Ragonese & Castiglioni, 1970; 
Cabrera, 1976) in the 'Tipa-Pacara' (C) and 'Palo bianco' (D) 
Forests. There is a very close relationship between those three 
vegetation units, as shown by several floristic groups of Table 6.1 
and strongly supported by the numerical analysis. However, 
although units C & D also include some widespread chaquenian 
species, it is of interest that few authors tried to include these two 
forest types in the Chaco (e.g. Hueck, 1972), whilst virtually all 
phytogeographers have merged without hesitation the Austro- 
Brazilian Transitional Forest with the Chaco, with perhaps the 
sole exception of Castellanos & Perez-Moreau (1944) in their map of 
vegetation of Argentina.
The fact that the so-called 'Eastern Chaco' is in effect a 
meeting point of quite diverse floristic elements, i.e. true xerophytic
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chaquenian communities and humid subtropical and tropical species, 
has been perceived by some previous authors. Thus, Cabrera (1970) was 
aware that the boundary between the Chaquenian and Amazonian 
Dominia, which meet in the Eastern Chaco, is confused, and he 
remarked that the whole of the river Paraguay basin is an immense 
transition area with a very complicated intermingled pattern. A 
striking example of such intermingling is that the current concept of 
'Eastern Chaco' even includes 'paratodales' of Tabebuia caraiba in 
floodable localities associated with the river Pilcomayo valley in SE 
Paraguayan Chaco region and NE Formosa in Argentina (Chodat & 
Vischer, 1977; Fiebrig, 1933; Ragonese & Castiglioni, 1970; Morello & 
Adamoli, 1974, p.42). T. caraiba can hardly be accepted as Chaco species 
(see map 5.52) since it also occurs in NE Brazil in the 'sertao' and 
'agreste' (Andrade-Lima, 1960 & 1989), is also an abundant species in the 
Cerrados (Heringer et al., 1977; Furley & Ratter, 1988; Ratter et al., 
1988a), and the 'paratodales' are one of the main features of the Pantanal 
landscape (Ratter, 1984; Allem & Valis, 1987)!.
Although edaphic factors can explain the eastward expansion 
of some Chaco taxa, the reason why southern or central Brazilian 
hygrophilous elements can expand westwards to interdigitate with 
chaquenian communities must be climatic. In Chaco vegetation maps 
the line drawn to separate the so-called 'Eastern Chaco' from the rest of 
the province (see Fig. 2.1; also Hueck & Seibert, 1981) seems to coincide 
roughly with a rainfall isoline somewhere between 950 to 1000 mm per 
year (see Fig. 2.4), and also with the alleged limit between humid and dry 
climates, the MI(Moisture Index)=l line (Box, 1986). In Ragonese & 
Castiglioni’s map (1970), where their concept of 'Eastern Chaco' covers 
the eastern half of the Gran Chaco region, this line coincides roughly 
with the western boundary of the 'Pilaguense' and 'Bosque Chaqueno' 
districts.
The climate classification systems of Koeppen and the two 
systems proposed by Thornthwaite have been compared for Argentina by 
Burgos & Vidal (1951), who concluded that Thornthwaite’s 2nd System is 
the most fitted to the distribution of the natural vegetation. For the 
Argentine Chaco, this correlation is very good : the transitional belt 
proposed here (Fig. 8.2) matches very well with an equivalent narrow
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band along the river Parand with C2B4'ra' climate (Fig. 8.1), and so does 
the zero isoline for the MI according to Thornthwaite's 2nd System 
(Burgos & Vidal, 1951, Fig.7 D). The similarities extend even to most of 
the chaquenian districts proposed by Ragonese & Castiglioni (1970), such 
as the Pilaguense, Matacense, and Santiagueno districts, to which the 
corresponding climate types are CiA'da', DA'da' and DB^/da’ 
respectively, and the districts Campestre, Mixed Forests & Savannas and 
Chaquenian Forest as a group with the corresponding climate type 
CiBs'da’. It is noteworthy that a very similar kind of climate to that of 
the eastern Transitional Belt appears to the west of the Chaco in areas 
occupied by both the 'Tipa-Pacara' and 'Palo bianco' Forests!.
Given the weight of floristic and correlated climatic and 
edaphic evidence, the question could be posed now why the 'Eastern 
Chaco' has traditionally been considered as truly chaquenian, as in 
Morello & Adamoli (1968), Ragonese & Castiglioni (1970), Cabrera (1976), 
Hueck & Seibert (1981), and Ramella & Spichiger (1989). The reasons are 
more historical than botanical. The rainforests or thorny dry woodlands 
formed a barrier to an eastward expansion for centuries with the result 
that most of the exsiccata collected on the eastern side of the Parana and 
Paraguay rivers have simply the locality 'Chaco', whether they are 
xerophytic or humid forest species, just because the collector ferried the 
river or sailed along the tributaries. The NE Argentine Chaco region 
and the Paraguayan Chaco region were cautiously explored by 
naturalists in a narrow fringe parallel to the big rivers or their 
tributaries, mainly the Pilcomayo (see the picturesque account by Kerr, 
1968), at the beginning of this century. Hochreutiner (1923) remarked 
that the Paraguayan Chaco was known only along the banks of the 
Paraguay and Pilcomayo rivers, and Fiebrig (1933) was honest enough to 
admit that up to that time scientific exploration extended only for 100 to 
150 km west of the river Paraguay (though the present author still 
believes that is an over-estimate)2. Geographically speaking the term 
Chaco will continue as the denomination of the whole of the region, but
2 The first botanical collector to cross the Paraguayan Chaco by land was Teodoro 
Rojas, who followed the Paraguayan lines during the 'Chaco War' and reached the 
Parapetf river in Bolivia in 1935. More evidence comes from the zoological field; the 
endemic peccary genus Catagonus, considered for long as extinct and known only 
from fossils, was rediscovered as late as in 1972 in the heart of the Paraguayan Chaco 
(Wetzel et al., 1975).
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Fig. 8.1: Climate types for the Argentine Chaco, according to 
the 2nd system of Thornthwaite. Modified from Galmarini & 
Raffo del Campo, 1964.
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from a phytogeographical point of view the name must have a more 
restricted usage.
There are no comprehensive surveys or descriptions of the 
Bolivian Chaco. Only Herzog's travel notes (1910, 1912), and brief 
comments in Cardenas (1945), Braun (1956), Coro (1956), Unzueta (1975), 
Werding (1976), and Velasquez et al. (1988) are available. Herzog (op. 
cit.) found west of Puerto Sudrez up to the Santiago Sierras communities 
resembling those of Prado et al. (in press b) surveyed in Mato Grosso do 
Sul, and he correctly regarded them as related to the Pantanal vegetation 
and the Caatingas rather than to the Chaco. No true Chaco vegetation is 
described in his notes until, when travelling from the Sierras of 
Chiquitos to the Rio Grande, he found a low xerophilous formation, rich 
in spiny shrubs and cacti, known as 'Monte' and comprising 
Aspidosperma quebracho-bianco , Caesalpinia paraguariensis , 
Capparis spp., Maytenus vitis-idaea ,Bulnesia sarmientoi , etc.. The 
description of Chaco vegetation in Unzueta (1975, pp 209-218, sub 'Bosque 
Seco Templado') is very shallow, and the mixed floristic list indicates that 
no distinction was made between the true Chaco and the non-chaquenian 
neighbouring formations (such as the 'Palo bianco' forest), differences 
that have been pointed out by previous authors (Herzog, 1910 & 1912; Coro, 
1956) in their skilful, albeit brief, surveys.
However, to what extent the Chaco vegetation expands to the 
north of the line Chiquitos-Santa Cruz de la Sierra remains to be seen. 
Herzog (1912) hypothesized that the 'monte' would not go beyond 169 LS, 
whereas Ellenberg's (1981) map of the Bolivian ecoregions presents the 
Chaco (sub 'monte semiarido bajo') extending north through the Rio 
Grande plains only up to 17s LS. What is certain is that the Chaco does 
not reach the Llanos de Mojos in NE Bolivia (approx. 122 LS to 159 LS), as 
implied by Cabrera & Willink's (1980) map. The Llanos de Mojos have 
been studied in part by Beck (1984), Haase & Beck (1989), and Haase (1989 
& 1990), and some communities show strong links with the savannas of 
N. South America, while the 'chaparral' resembles the Humaita 
savannas and the Cerrados of central Brazil (Haase & Beck, 1989). 
Although the vegetation of this area comprises some very few and 
isolated Chaco elements (Beck, 1984), it is far from being chaquenian in 
character.
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Most of the works on the Paraguayan Chaco (Hochreutiner, 
1923; Fiebrig, 1933; Rojas & Carabia, 1945; Tortorelli, 1967) have been very 
shallow. More recent works have improved the state of the knowledge of 
the area. Esser's contributions (1982 & 1984) although focused mainly in 
cacti vegetation have provided a very interesting classification of the 
Paraguayan Chaco formation and the most detailed vegetation map 
available (Esser, 1982). It is noteworthy that this last author has 
characterized the vegetation of the eastern Paraguayan Chaco as 
transitional ('Ubergangsgebiet') since in this area the hygrophilous 
elements find their westernmost limit (Esser, 1982 & 1984), which is in 
agreement with the views of the present author.
More recently, during the course of this study, a general 
survey of the Paraguayan Chaco was published by Ramella & Spichiger 
(1989; see also Spichiger & Ramella, 1989). Their data on the gallery 
forests along the river Paraguay tributaries in SE Paraguayan Chaco and 
those along the Timane-Lagerenza river in the northwest of the region 
show a floristic composition which unmistakably excludes them from the 
Chaco s.s.. They are dominated by relatively hygrophilous species such 
as Calycophyllum multiflorum , Pisonia zapallo , Maclura tinctoria , 
Albizia polyantha , Geoffroea striata (Spichiger & Ramella, 1989; 
Ramella & Spichiger, 1989), which clearly link these forests to 
communities A, B, D and E in Table 6.1 and separated here from the 
Chaco s.s.. The descriptions, diagrams and remarks of Ramella & 
Spichiger (1989) on the vegetation of the scattered hills of NW Paraguayan 
Chaco are of extreme interest. While surrounded by true Chaco 
vegetation on the plains, the slopes of the Cerro Leon and Cerro Cabrera 
are covered by a deciduous forest of Anadenanthera colubrina (very 
probably var. cebil ), accompanied by Pterogyne nitens , Astronium 
urundeuva , Amburana cearensis arid Aspidosperma pyrifolium , which 
not only show a very strong link with the 'Palo bianco' forest in NW 
Argentina and the calcareous forests around Corumba, but also an 
amazing resemblance of the arboreal caatinga vegetation of NE Brazil (cf. 
Ch. 3). On top of these hills cerrado-like vegetation has been found, that 
is savannas of Tabebuia caraiba , Jacaranda cuspidifolia and 
Pseudobombax campestre (Ramella & Spichiger, 1989),., This sequence of
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vegetation seems to be repeated in the Santiago and Chiquitos Sierras of 
Bolivia (Herzog, 1910 & 1912).
By excluding these extraneous communities it is now possible 
to re-establish the geographical limits of the Chaco as a 
phytogeographical province. On the basis of a strict floristic list of woody 
and succulent species (Sect. 4.1), phytosociological study of the more 
relevant plant communities in the region both in classical and numerical 
analyses (Ch. 6), and putting the vegetation of this area against the 
background of similar formations in South America, a map of what is 
here regarded as Chaco s.s. is presented (Fig. 8.2). It must be noted that 
the Sierra Chaco, although taken as a separate entity throughout the 
analysis in Ch. 6, is accepted as part of the Chaco s.s.; however, the 
Polylepis australis woodlands occurring in the Cordoba Sierras should 
not be regarded as chaquenian, as in Cabrera (1976). These 
communities comprise basically an Andean flora with little contact with 
the Chaco itself (Vuilleumier, 1986; Cabido, in litt.\ and their restriction 
to N Argentina appear to be attributable to range retraction of the 
progenitor of P. australis during Pleistocene events (Simpson, 1986). In 
the construction of this new map some previous vegetation maps have 
been employed; i.e. Coro (1956) and Ellenberg (1981) for the Bolivian 
Chaco, Vervoorst (in Hawkes & Hjerting, 1969) for NW Argentina up to 
La Rioja province, Ragonese & Castiglioni (1970) for SW Chaco in the 
provinces of La Rioja, San Juan, San Luis and Cordoba in part, Sayago 
(1969) and Luti et al. (1979) for the Cordoba province, and Lewis (1981) for 
the southern and eastern limit in the Santa Fe province. Also taken into 
consideration were the maps of the neighbouring phytogeographic 
provinces Monte (Morello, 1958) and Espinal (Lewis & Collantes, 1973). 
The extremely patterned vegetation in the east of the Chaco s.s. cannot be 
mapped with any precision at this stage with the knowledge available to 
date. A wide belt of transitional vegetation has been left open to further 
studies which could determine the exact localities where true Chaco 
vegetation can be found. However, to delimit this belt, information was 
taken from maps in Castellanos & Perez-Moreau (1944), Morello & 
Adamoli (1967), Ragonese & Castiglioni (1970), Lewis (1981), Esser (1982), 
and Prado et al. (in press b), together with the present author's field 
experience and the plant distribution maps here presented (Ch. 5).
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Fig. 8.2: A new proposal for the geographical limits of the Chaco s.s.. 
The transitional belt is indicated by oblique hatching.
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8.2- Chaco versus Caatingas:
The idea that there exist strong links between the flora of the 
Caatingas and Chaco provinces owes much to Dardano de Andrade- 
Lima, and the views he expressed in his analysis of the origins of the 
caatinga flora. Andrade-Lima firmly believed that the flora of the 
Caatingas was "largely of alien origin, especially at the generic level, and 
to a lesser degree at the species level", and that these elements "appear 
have reached the area by a SW-NE migratory route", such that "the 
source of the majority of caatinga taxa appears to have been the northern 
part of the Argentinian-Paraguaian-Bolivian Chaco" (Andrade-Lima, 
1982, p. 247).
In this latter work Andrade-Lima listed some tree species 
which, according to him, are subxerophytic or xerophytic plants which 
are common in arid areas elsewhere but possess disjunctions in NE 
Brazil. Such examples for the Chaco-Caatingas disjunction were: 
Schinopsis brasiliensis , both the typical and the glabra varietes, 
Anadenanthera colubrina var. cebil (sub A. macrocarpa ), Amburana 
cearensis , Pterogyne nitens , Phytolacca dioica , and Prosopis ruscifolia . 
In fact, however, except P. ruscifolia none of these last species are found 
in any typical Chaco s.s. forest community, but only in river valley 
vegetation in the eastern border of the Chaco (rivers Parana, Paraguay, 
and tributaries), and in the 'Palo bianco' and 'Tipa-Pacara' forests to the 
west of the Chaco (see Sect. 8.1). This is particularly the case of 
Anadenanthera colubrina var. cebil (Altschul, 1964, and Fig. 5.38), 
Amburana cearensis and Pterogyne nitens (Fig. 5.40 & 5.43), which are 
sometimes members of gallery forests in Western Chaco in Argentina 
but are regarded as non-chaquenian species (Morello & Saravia Toledo, 
1959a & b; Adamoli et ah, 1972). Schinopsis brasiliensis is not a Chaco 
species in any sense, but rather it is a common tree in NE Brazil in 
arboreal caatinga (Andrade-Lima, 1981), and its distribution extends 
towards south, interrupted by cerrado formations, to reappear in Mato 
Grosso do Sul and northern Paraguay in the vicinity of the river 
Paraguay, and in Bolivia along the Santiago and Chiquitos ranges and 
the Yungas area (see Fig. 5.46). Likewise, the Argentine 'ombu', 
Phytolacca dioica , is not a true Chaco species but rather a common tree 
in the tall forests bordering the river Parand valley with very few
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intrusions of chaquenian character (see Fig. 5.81; also Klein, 1972, and 
Prado et al., in press a).
The case of Prosopis ruscifolia merits a separate analysis; it is 
in fact a Chaco endemic, since its dispersion area is fully located inside 
the Chaco s.s. (Fig. 5.7), whereas its presence in the Monte province as 
stated by Andrade-Lima (1982) has never been established. What is 
extremely doubtful, however, is whether this species occurs in the 
Caatingas. All known exsiccata come from a single very old tree in the 
vicinity of Cachoeira do Roberto, Pernambuco (Neiva & Pena, 1916; 
Luetzelburg, 1922-23; Ducke, 1953; Andrade-Lima, 1954; Bigarella et al., 
1975), which was ''once a prosperous village on the cattle trail from Bahia 
to Piaui" (Andrade-Lima, 1954, p.57). Burkart monographed the genus 
and confirmed the identity of this specimen but he wondered if this single 
tree could be a casual introduction to the area (Burkart, 1976, p.248). 
However, Andrade-Lima (1954 & 1982) took this isolated individual as 
proof of Chaco species migration to NE Brazil in a drier climatic phase, 
assuming that other individuals have probably disappeared through the 
progressive erosion of the area. But Prosopis ruscifolia trees live only a 
moderate life-span, reaching occasionally 80 years (Morello et al., 1971), 
and it is a very aggressive woody weed in its natural area in Argentina, 
with a highly palatable indehiscent pod for large herbivores and very 
particularly for cattle, and so with seeds suited to endozoochorous 
dispersion (Morello et al., 1971; Burkart, 1976). These characteristics 
make this species a successful colonizer of disturbed environments in the 
Chaco. Moreover, the location of this individual in the Caatingas is 
separated by more than 2,300 km from the bulk of the species in the 
Chaco, and there is not a single collection or reference to its presence in 
the intervening area, contrary to what has been shown in Ch. 5 for 
numerous other species which do link the Caatingas to other seasonal 
formations of South America. Thus, the evidence points to its 
occurrence as a casual introduction to NE Brazil, probably through 
imported cattle.
The levels of generic and specific endemicity given for Chaco 
and Caatingas in Ch. 5 are in agreement with the Takhtajan (1986) 
criteria employed to characterize floristic provinces of the world, and the 
higher figures for the Brazilian area seem to follow an expected
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latitudinal increment of endemisms (see Major, 1988): tropical 
Caatingas, as opposed to temperate/subtropical Chaco. Moreover, the 
Caatingas are far richer than the monotonous Chaco plains in providing 
varied and numerous habitats (cf. Ch. 3 & 2). Both provinces are then 
very well defined from this point of view, and even allowing for an 
overestimation of the degree of endemicity, when compared to Major's 
table (1988) for several regions of the world they are equivalent to those 
e.g. of the Sonoran desert and the Sahara as regards the Chaco, and to 
the California floristic province and the Canary islands for the 
Caatingas. There is no reason, therefore, to regard the Caatingas flora 
as too low in endemics, as repeatedly stated by Rizzini (1963 & 1979), and 
more emphatically by Andrade-Lima (1982), who even suggested that the 
area could not have its own unique flora. On the contrary, the 
percentages of autochtonous and alien genera and species in the 
Caatingas are in all probability as high as those of any other well defined 
floristic province of the world, and even comparable to those of certain 
islands which usually concentrate the highest figures of endemicity 
(Major, 1988).
In the Introduction of this thesis it has been mentioned that 
most of the alleged botanical links between Chaco and Caatingas are 
usually described as pairs of vicariant species (Rizzini, 1963; Veloso, 
1964). The currently generally accepted concept of vicariance states that 
"if populations occupying separate areas are clearly descended from an 
immediate common ancestor, but are distinct enough in external 
morphology so that the systematist can always tell them apart, they are 
known as vicarious species" (Stebbins, 1950). Thus, a detailed knowledge 
of systematic relationships within the genus is a prerequisite to establish 
vicariant status with a reasonable degree of certainty. Some of the 
genera involved in the Chaco-Caatingas links have never been studied 
monographically since Martius1 Flora Brasiliensis. e.g. Zizinhus . 
Caesalpinia , Capparis . Other genera have had formal taxonomic 
revisions, e.g. Schinopsis (Meyer & Barkley, 1973), Astronium (Barkley, 
1968), and Copernicia (Dahlgren & Glassman, 1961), but with no 
emphasis on species relationships presented by these authors. However, 
some preliminary comments and conclusions can be made in these 
cases.
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The genus Schinopsis consists of eight species, seven of which 
were accepted by Meyer & Barkley (1973), and the eighth is the recently 
reinstated S. heterophylla (Munoz, 1990), apparently a hybrid between S. 
quebracho-colorado and S. balansae . However, the present author 
believes that S. heterophylla is conspecific with S. cornuta , another 
species recognized by Meyer & Barkley (1973) and which is the earlier 
binomial of the two available. With regard to the other species, the 
characters employed to separate the poorly collected S. peruviana from S. 
brasiliensis , that is to say smaller, more numerous leaflets for the 
former, can be found on the juvenile shoots of the latter. It is presumed 
likely, therefore, that S. peruviana is in fact conspecific with S. 
brasiliensis . Moreover, it is considered that another species, S. glabra , 
likewise does not merit specific status and should be kept as a variety of S. 
brasiliensis , as originally described by Engler. Thus, the genus would 
be reduced to only five species: S. brasiliensis , endemic to the 
Pleistocenic Arc; S. quebracho-colorado and S. cornuta , two Chaco 
endemics; the unifoliolate S. balansae ; and the orophilous S. haenkeana., 
characteristic of the Sierra Chaco but sometimes present in the 'palo 
bianco' Forest. If vicariant taxa occur in this genus, it is considered that 
the most likely case is the pair S. brasiliensis -S. haenkeana , which are 
morphologically very close. Vicariance between S. brasiliensis and S. 
quebracho-colorado cannot be ruled out, but they show rather more 
strongly delimited morphological differences (see Prado et al., in press b) 
than the previous pair of species.
In the genus Astronium , the most obviously closest species to 
the Caatingas tree Astronium urundeuva is A. balansae3, clearly 
distributed along the Paraguay-Parana river system (Fig. 5.83) and not in 
the Chaco s.s. (although a number of researchers would argue it is a true 
Chaco species). The case of the genus Copernicia also allows for some 
preliminary conclusions, based on the infrageneric arrangement by 
Dahlgren & Glassman (1961). There are only three species in South 
America, which are regarded as relatively recent immigrants (Uhl & 
Dransfield, 1987, pp 204-5): C. tectorum (=C. sancta-martae ) in the 
Venezuelan Llanos and dry Caribbean vegetation; C. cerifera (-C.
3 Recently Santin (1991) has separated these two species in the reinstated genus 
Myracrodruon .
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prunifera } exclusive to the Caatingas; and C. alba (=C. australis ) in the 
Brazilian Pantanal, E Bolivia, central Paraguay along the river 
Paraguay, and NE Argentina extending well inside the Chaco s.s.. The 
rest of the genus is mainly confined to the center of distribution in the 
Greater Antilles, with more than 20 species in Cuba, and two in 
neighbouring Hispaniola. Both C. tectorum and C. cerifera have been 
placed in the Subgenus Copernicia , but C. alba is on its own in the 
Subgenus Coperniciopsis . The most plausible vicariant pair, therefore, 
is likely to be a Caribbean-NE Brazil species link, and not C. cerifera ~C. 
alba as claimed by Rizzini (1963).
The genus Aspidosperma , recently studied by Marcondes- 
Ferreira (1988) and widespread in every subtropical and tropical woody 
community from Mexico to Argentina (except Chile), consists of 33 
species grouped in two subgenera, one with 9 sections and comprising 31 
species. The Caatingas species are mainly placed in two sections; sect. 
Polyneura , considered to be relatively unspecialized within the genus, 
contains A. polyneuron and A. cuspa , the latter regarded as ancestral 
species by Marcondes-Ferreira (1988); and sect. Aspidosperma , where A. 
pyrifolium (by far the most important Aspidosperma in the Caatingas) is 
located together with the widespread cerrado species A. tomentosa and 
A. macrocarpum . On the other hand, the two very close chaquenian 
species A. quebracho-bianco and A. triternatum are isolated in the most 
evolved and southernmost sect. Pungentia , which is very easily 
distinguished from the rest of the genus. If this infra-generic scheme is 
correct, it is unlikely that any vicariad-type links exist between the 
caatinga and chaquenian species of Aspidosperma , as alleged by Rizzini 
(1963) and Veloso (1964).
A different case is posed by the genus Geoffroea ; if the present 
author's criterion is accepted, i.e. regarding G. striata and G. spinosa as 
a polymorphic unit and very probably a single species, Geoffroea would 
be reduced to only two species which are certainly vicariads: G. 
decorticans in the Chaco and some related provinces (see Fig. 5.16), and 
G. striata I spinosa in Caatingas, W Ecuador, N Venezuela, central 
Bolivia and the Paraguay-Parand system (Fig. 5.58). This would 
constitute the only unmistakable example of vicariance involving Chaco
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and Caatingas at species level, but it should be noted that neither of the 
two are exclusive to their provinces.
It can be concluded that vicariance links between Chaco and 
Caatingas are very weak if they exist at all, and that Andrade-Lima's 
(1982) proposed migratory route SW-NE, in so far it refers to the Chaco 
flora has to be rejected altogether. There is no chaquenian floristic 
element following that route up to the Caatingas, and as noted above all of 
Andrade-Lima's examples are flawed. On the contrary, in some cases 
the route seems to be exactly the opposite,, as the genera Copernicia and 
Aspidosperma suggest. We can thus safely reject the proposal that a 
strong component of the Caatingas flora derives from the Chaco province 
(Andrade-Lima, 1982), and likewise Rizzini's (1963 & 1979) statement that 
the Caatingas elements have their origin in equal proportions from the 
Chaco and the Atlantic rainforest.
There are in fact only three woody species in common between 
Chaco and Caatingas (Table 8.1): Parkinsonia aculeata , Ximenia 
americana , and Sideroxylon obtusifolium . Their presence in both 
areas, however, is meaningless in this context since all three species 
have very widespread distributions from Mexico to Argentina, occurring 
in numerous vegetation types, whilst Ximenia americana is even 
pantropical. Besides, the floristic links of the Chaco should be looked for 
in another direction. Sarmiento (1972 & 1975) showed that the 
relationship Monte-Chaco is stronger than any other link Monte-arid and 
semiarid areas in South America, and furthermore, the floristic contacts 
of the Chaco with dry Andean valleys and the Sonora desert must not be 
overlooked. .
Rather, the floristic dissimilarities between the Chaco and 
Caatingas are striking, and these most likely lie in the lack of common 
physical environmental features between these two areas. Thus, there is 
a fundamental difference in their geological origin and geomorphology: 
the Chaco comprises huge sedimentary, monotonous plains of both 
aeolian and more recent alluvial genesis, modelled by a basically 
endorheic river system. In contrast, the Caatingas are undulating 
peneplains of erosive origin which left the ancient Pre-Cambrian 
Brazilian shield exposed and furrowed by numerous short-lived exorheic
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TABLE 8.1: Genera and species in common between Chaco s.s. and 
Caatingas.
GENERA SPECIES References for Chaco
1- Acacia CialdeUa, 1984
2- Aspidosperma Marcondes- 
Ferreira,1988
3- Ayenia Cristobal, 1960
4- Bauhinia Fortunate, 1986
5- Bougainvillea Toursarkissian, 1975
6- Bromelia Smith & Downs, 1974-
79
1- Caesalpinia Burkart, 1952
8- Capparis Gomez, 1953
9- Ceiba Gibbs (pers. comm.)
10- Celtis Morello & Adamoli,
1974
11- Cereus Kiesling, 1975
12- Copernicia Morello & Adamoli,
1974
13- Coursetia Lavin, 1988
14- Croton Sayago, 1969
15- Desmanthus Burkart, 1952
16- Dyckia Smith & Downs, 1974-
79
17- Eriocereus Kiesling, 1975
18- Erythroxylum Morello et al., 1971
19- Euphorbia Subils, 1977
20- Geoffroea Burkart, 1952
21- Ipomoea Sayago, 1969
22- Jacaratia Badillo, 1971
23- Jatropha Castellanos, 1958
24- Lippia Luti et al., 1979
25- Maytenus Morello & Adamoli,
1974
26- Mimosa Burkart, 1952
27- Opuntia Kiesling, 1975
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28- Parkinsonia aculeata L. Burkart, 1952
29- Pavonia Sayago, 1969
30- Pereskia Leuenberger, 1986
31- Quiabentia Castellanos, 1952
32- Ruprechtia Cocucci, 1958
33- Sapium Jablonski, 1967
34- Schinopsis Meyer & Barkley, 1973
35- Senna Irwin &, Bameby, 1982
<&-Sida Sayago, 1969
37- Sideroxylon obtusifolium (Roem. & 
Schult.) Pennington 
subsp. obtusifolium
Pennington, 1990
38- Solanum Morton, 1976
39- Tabebuia Morello & Adamoli, 
1974
40- Wissadula Morello & Adamoli,
1974
41- Ximenia americana L. Sleumer, 1984
42- Ziziphus Morello & Adamoli, 
1974
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streams. There are also important differences in climate between the 
two areas: no area within the Chaco s.s. is free from frosts, and although 
the mean annual temperature is relatively low (17 to 249C, from south to 
north), most of the area is enclosed within the highest absolute maxima 
isotherm of South America (47SC), and there is a moderate variation 
coefficient of yearly rainfall (from 0.2 to 0.3, in Galmarini & Raffo del 
Campo, 1964). In contrast, the occurrence of frosts in the tropical 
Caatingas has never been registered, and whilst the mean annual 
temperature is higher (26 to 289C), the absolute maxima is rarely over 
409C. There is an extreme rainfall irregularity with the variation 
coefficient up to 0.55 and periodical catastrophic droughts lasting over a 
year long. With regard to soils, the main features of the Chaco s.s. are 
particles smaller than 2 mm, generalized poor drainage because of clay 
textured horizons, abundance of salts and high pH. The Caatingas soils, 
on the other hand, are characteristic for the abundance of pebbles, stones 
and massive rock outcroppings, scarcity of saline areas because of the 
good drainage and the exorheic river system, and pH probably tending to 
neutral.
There is an additional and interesting ecological-floristic 
difference between Chaco and Caatingas. The river valleys vegetation 
and gallery forests in NE Brazil comprise some widespread species 
{Erythrina velutina , G. striata ! spinosa , Sideroxylon obtusifolium ), 
endemic elements of the Caatingas {Ziziphus joazeiro , Maytenus rigida , 
Capparis yco , Pilosocereus gounellei , Cereus jamacaru ), and even two 
species which are not only endemic but can be found solely in these 
environments: Copernicia cerifera and Licania rigida . On the 
contrary, the homologous vegetation in the Chaco plains is generally 
dominated by alien elements of widespread tropical distribution 
(including extensions to the Caatingas!), or species which grow in nearly 
pure populations in riverine conditions all over the continent {Salix 
humboldtiana , Tessaria integrifolia ). There is certainly no endemic 
chaquenian species restricted to riparian environments, as found in the 
Caatingas. This may reflect a relative lack of isolation, or indicate that 
present climatic conditions in the Caatingas, and consequently the 
hydrographic regime, have prevailed for a longer period than those of the 
Chaco, where there was not enough evolutionary time for speciation of
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Chaco taxa but rather a more recent invasion of alien elements better 
adapted to such habitats.
At the beginning of this study two basic methodological 
approaches were adopted: (a) to build up reliable data base of floristic lists 
of the major phytogeographical units involved, and (b) to map accurately 
the distributions of the more important woody species involved in the 
Chaco and Caatingas regions. It soon became apparent that the 
Caatingas species, far from appearing in the Chaco, were conspicuous by 
their absence from this area, although many taxa occurred in formations 
peripheral to the Chaco s.s.. From the comparison of the Chaco and 
Caatingas floristic lists (Sect. 4.1 & 4.2) arouse Table 8.1 shown above, 
recording all genera and the only three woody species they have in 
common. The same comparison was made for the Caatingas and the 
Subandean Piedmont Forests floristic lists; the results are shown in 
Tabid 8.2. There are 51 woody and succulent species and 109 genera in 
common between the Caatingas and the 'Palo bianco' and 'Tipa-Pacara' 
deciduous forests.
A similar comparison was performed with what was called 
.heXgj®£d nucleus' of the Pleistocenic Arc (see Sect. 5.3.1), that is to say 
thf ^rea encompassed by the Paraguay-Parand river system in central 
Paraguay and NE Argentina. This area groups a number of different 
but related formations of which a floristic list is not here provided, and 
consists of a rather arbitrary clustering of plant communities that can be 
provisionally equated to Cabrera & Willink's (1980) 'Selva Subtropical 
Paranense' in the Paranense phytogeographic province. However, the 
presence or absence of Caatingas elements was anyhow confirmed 
through the relevant literature, as cited in Table 8.3, and they share 66 
species and 109 genera.
.In Table 8.4 the results of the floristic comparison is 
summarized; the percentages of the total flora of the Caatingas 
represented by the number of species and genera in common is provided. 
Thus, it can be seen that only 0.69% of the woody and succulent species of 
the Caatingas are recorded for the Chaco s.s., and 21.11% of all 
Caatiilgas genera. More striking figures are obtained derived from the 
comparison of the Caatingas flora with the '2nd nucleus' and '3rd
Chaco - Caatingas floristic links
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46- Geoffroea striata (W.)Morong 
DBol.]
herbarium specimens
47- Heteropterys syringifolia
Griseb.[Bol.]
Niedenzu, 1928
48- Ipomoea carnea Jacq. subsp. 
fistulosa (Mart, ex 
Ch.) D. Austin
O'Donell, 1959
49- Jacaranda
J
Digilio & Legname, 
1966
50- Jacaratia Badillo, 1971
51- Jatropha Pax, 1959
52- Lagascea mollis Cav. Stuessy, 1978
53" JLdTltCLTlCL Devoto & Rothkugel, 
1942
54- Lippia Devoto & Rothkugel, 
1942
55- Lonchocarpus Legname, 1982
56- Loxopterigium Legname, 1982
57- Luehea Legname, 1982
58- Machaerium acutifolium Vog. Burkart, 1952
59- Maclura tinctoria (L.)Don ex
Steud
Vazquez Avila, 1985
60- Man ihot Rogers & Appan, 1973
61- Maytenus Legname, 1982
62- Melochia Goldberg, 1967
63- Mimosa Burkart, 1952
64- Myroxylon balsamum (L.) Harms Cabrera, 1976
65- Opuntia Kiesling, 1975
66- Parapiptadenia Cabrera, 1976
67- Patagonula Legname, 1982
68- Pavonia Meyer, 1963
69- Peltophorum dubium (Spr.)Taub. 
[Bol.]
herbarium specimens
70- Pentapanax Meyer, 1944
71- Pereskia Leuenberger, 1986
72- Petiveria alliacea L. Meyer, 1944
73- Phyllostylon Cabrera, 1976
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74- Phytolacca Meyer, 1963
75- Piptadenia viridiflora (Ktb.^
Benth.
Burkart, 1952
76- Pisonia Meyer, 1963
77- Pithecellobium Hoc, 1981
78- Platypodium elegans Vog. [Bolivia] herbarium specimens
79- Pouteria gardneriana 
(DC.)Radlk. [Bolivia]
Pennington, unp.ms.
80- Prockia crucis P.Browne ex L. Cabrera, 1976
81- Pseudobombax Robyns, 1963
82- Pterocarpus violaceus Vog.
[Bolivia]
Rojo, 1972
83- Pterogyne nitens Tul. Cabrera, 1976
84- Ptilochaeta Niedenzu, 1928
85- Quiabentia zehntneri (Br.& Rose) 
Br. & Rose [Bolivia]
Castellanos, 1952
86- Randia armata (Sw.) DC. Legname, 1982
87- Rauvolfia Legname, 1982
88- Ruprechtia laxiflora Meissn. Cabrera, 1976
89- Sapindus saponaria L. Legname, 1982
90- Sapium Jablonski, 1967
91- Schinopsis brasiliensis Engler 
[Bol.]
Meyer & Barkley, 1973
92- Schoepfia Sleumer, 1984
93- Sebastiania Digilio & Legname, 
1966
94- Seguieria aculeata Jacq. Rohwer, 1982
95- Senna spectabilis (DC.)Ir.& 
Bar.
Irwin & Bameby, 1982
96- Serjania glabrata Kunth Radlkofer, 1956
97- Sesbania exasperata Kunth Burkart, 1952
98- Sida cordifolia L. herbarium specimens
99- Sideroxylon obtusifolium (Roem. & 
Schult.) Pennington 
subsp. obtusifolium
Pennington, 1990
100- Solanum granuloso-leprosum
Dunal
Legname, 1982
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15- Bromelia Smith & Downs, 1974-
79
16- Brunfelsia Plowman, 1979
YI-Byttneria scabra L. Cristobal, 1976
18- Caesalpinia Burkart, 1952
19- Calliandra Burkart, 1952
20- Calopogonium Burkart, 1952
21- Campomanesia Landrum, 1986
22- Canavalia Burkart, 1952
23- Capparis Gomez, 1953
24- Carica quercifolia (St.-Hil.) 
Hier.
Badillo, 1971
25- Ceiba Gibbs (pers. comm.)
26- Celtis pubescens (Kth.)
Spreng.
Romanczuk &Mart., 
1978
27- Cereus Cabrera, 1976
28- Chamaecrista desvauxii (Coll.) Etllip Irwin & Bameby, 1982
Chamaecrista rotan<2z/bZic(Pers.)Gre
en.
herbarium specimens
29- Cnidoscolus Pax, 1958
30- Combretum fruticosum
(Loefl.)Stuntz
Exell, 1953
Combretum lanceolatum P.ex
Eichl.
Exell, 1953
Combretum laxum Jacq. Exell, 1953
Combretum leprosum Mart. Exell, 1953
31- Copaifera langsdorffii Desf. Burkart, 1952
32- Copernicia Dahlgren & Glass., 
1961
33- Cordia trichotoma (Veil.)
Arrab. ex Steud.
Cabrera, 1976
34- Coursetia Lavin, 1988
35- Coutarea hexandra
(Jacq.)Schum.
Devoto & Rothkugel, 
1942
36- Crateva tapia L. Gomez, 1953
37- Cratylia Burkart, 1952
38- Croton Cabrera, 1976
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39- Dalbergia frutescens (Veil.)
Britt.
Burkart, 1952
40- Dasyphyllum Cabrera, 1953 & 1959
41- Desmanthus virgatus (L.) Willd. Burkart, 1952
42- Dicella bracteosa (A.Juss.)
Gris.
Niedenzu, 1928
43- Dioclea Burkart, 1952
44- Discolobium Burkart, 1952
45- Ditaxis * Pax & Hoffmann,
1958a
46- Dyckia Smith & Downs, 1974-
79
4J- Enterolobium contortisiliquum 
(Veil.) Morong
Burkart, 1952
48- Erythrina Cabrera, 1976
49- Erythroxylum Cabrera, 1976
50- Euphorbia Subils, 1977
51- Galphimia brasiliensis (L.)
A.Juss.
Niedenzu, 1928
52- Geoffroea striata (Willd.)Morong Burkart, 1949
53- Guettarda Boelcke, 1981
54- Heteropterys syringifolia Griseb. Niedenzu, 1928
55- Hymenaea courbaril L. var. stilbo-
carpa
(Hayne)Lee&Lang.
Lee & Langenheim,
1975
Hymenaea martiana Hayne Lee & Langenheim,
1975
56- Ipomoea asarifolia (Desr.) 
Roem. & Schult.
O'Donell, 1959
Ipomoea carnea Jacq. subsp.
fis-tulosaGAarb.ex
Ch.)Aust.
O'DoneU, 1959
57- Jacaratia Badillo, 1971
58- Jatropha Pax, 1959
59- Lagascea mollis Cav. Stuessy, 1978
60- Lantana Devoto & Rothkugel, 
1942
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nucleus' of the Pleistocenic Arc: 11.77% of Caatingas species appear in 
the piedmont deciduous forests of 'Palo bianco' and 'Tipa-Pacard' in SW 
Bolivia-NW Argentina, and about 55% of the genera, whereas the '2nd 
nucleus' shares about 15% and 55% respectively. While there are no 
differences at generic level in the last two cases, there is a sizeable 
difference at specific level. However, it should be emphasized that the 
'2nd nucleus' is basically an artifact devised here to facilitate the 
analysis, since it comprises an area which although subjected to a single 
type of climate, groups very different geological substrata — Pre­
Cambrian rocks in Misiones and E Paraguay, alluvial and seolian 
sedimentary areas, and calcareous outcrops as those of Corumba and N 
Paraguay in the Apa river region— and also fundamentally different 
types of plant communities. It is beyond the scope of this study to try to 
analyze the vegetation of this sector to delimit the units enclosed and 
consequently pinpoint those which are floristically closer to the 
Caatingas, although obviously those on calcareous outcrops show the 
stronger links (Ratter et al., 1988b). In contrast, the Subandean 
Piedmont Forests comprise only two forest subtypes: the 'Palo bianco' and 
'Tipa-Pacara' Forests. These are floristically very close to each other 
and only distinguishable because of a latitudinal impoverishment. 
Together they constitute a well-defined phytogeographic unit (Cabrera, 
1976), clearly detached from the Chaco s.s. vegetation and the upland 
wetter subtropical forest (Meyer, 1963; Vervoorst, 1982). In this case, 
therefore, the comparison with the Caatingas flora is more realistic since 
the '3rd nucleus' involves a much smaller area and only one definite 
formation.
The phytosociological analyses undertaken in the present study 
(Ch. 6) agree with Cabrera (1953 & 1976) and confirm that the Subandean 
Piedmont Forests (sub 'Transitional Forests' or 'Bosques de Transition' 
in the Argentine literature) cannot pertain to the Chaco province, and 
indeed Cabrera & Willink (1980) grouped them in their Amazonian 
Dominium. Since, however, the Caatingas province is floristically closer 
to the Subandean Piedmont Forests than to the Chaco, having in common 
with the former not only an appreciable number of woody species, but 
also some that are very important and sometimes dominant in both 
formations (i.e. Anadenanthera colubrina var. cebil JPterogyne nitens , 
Tabebuia impetiginosa , Astronium urundeuva , Myroxylon balsamum,
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Amburana cearensis , Piptadenia viridiflora , etc.), it can be concluded 
that there is no reason to retain the Caatingas province within the 
Chaquenian Dominium, as proposed by Cabrera & Willink (1980). On 
the contrary, on this evidence, it should logically be grouped within their 
own concept of the Amazonian Dominium (sensu Cabrera & Willink, 
1980). Consequently, these authors hierarchical classification of Latin 
America vegetation should be modified as follows:
II- Region Neotropical
C- Dominio Amazonico
1- Provincia Amazonica
2- Provincia Pacifica
3- Provincia de los Yungas4
4- Provincia Venezolana
5- Provincia de los Cerrados
6- Provincia Paranense5
7- Provincia de los Llanos6
8- Provincia Atlantica
9- Provincia del Pdramo
10- Provincia de las Caatingai
II- Neotropical Region
C- Amazonian Dominium
1- Amazonian Province
2- Pacific Province
3- Yungas Province
4- Venezuelan Province
5- Cerrados Province
6- Paranense Province
7- Llanos Province
8- Atlantic Province
9- Paramo Province
i 10- Caatingas Province
E- Dominio Chaqueno
1- Provincia Chaquena (s.s.)
2- Provincia del Espinal
3- Provincia Prepunena
4- Provincia del Monte
5- Provincia Pampeana
E- Chaquenian Dominium
1- Chaco Province (s.s.)
2- Espinal Province
3- Prepuna Province
4- Monte Province
5- Pampean Province
In this respect, the position sustained in this thesis finds 
further strong support in the numerical analyses performed in Sect. 6.2, 
at both specific and generic level. The Caatingas have never been
4 'Yungas' is used in masculine rendering by the Bolivian population who coined the
term (Cardenas, 1945; Braun, 1956), instead of feminine as employed by Cabrera 
(1976) and Cabrera & Willink (1980).
6 Includes the 'Selva de Ribera' and the Austro-Brazilian Transitional Forest units.
6 'Sabana' province in the original; 'sabana' (=savanna) is a generic term that 
denominates a particular formation (sensu Beard, 1953), and its use for a 
phytogeographical province is not advisable, as it could be employed e.g. for the 
Cerrados province as well. 'Llanos', the autochtonous name in Colombia and Venezuela 
for the Orinoco plains savannas, is here recommended (see Sarmiento, 1983).
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grouped with the representatives of the Chaquenian Dominium included 
in the analysis. On the contrary, they appear very closely related to the 
Subandean Piedmont Forests, and both of them to the rest of the seasonal 
formations of the Amazonian Dominium, with which they have formed 
fairly consistent clusters. There are also profound contacts between the 
Caatingas and the vegetation of the Guajira province.
8.3- The origin of the Caatingas flora:
It can be postulated that the Caatingas vegetation has been in 
the present position for a very long period, as indeed some geological 
evidence seems to indicate (Tricart, 1961). Nevertheless, it was also 
subject to the Pleistocenic wet-dry cycles, particularly in the Mata de Cipo 
area and central San Francisco valley, which were even drier during 
certain periods (Tricart, 1961 & 1985). If the Caatingas have been firmly 
established since the end of the Tertiary (Ab' Saber, 1974), a marked 
degree of endemism would be expected in the flora and fauna. This is the 
case as regards plants (see preceding discussion), and although the 
picture is much more obscure with respect to mammals (Mares et al., 
1985), it is also true for the rich endemic bird fauna (see Ch. 7). The 
particularly numerous endemic genera and species in the Cactaceae, a 
family nearly restricted to South America, also supports the hypothesis of 
long established Caatingas.
Nevertheless, both endemic and non-endemic plant taxa may 
have an alien origin within the continent. Some migratory routes (Fig. 
8.3) can be postulated for the Caatingas flora from the available 
information in taxonomic monographs and the distribution maps 
presented in this thesis (Ch. 5). .
a- The African connection: although the African-South American 
angiosperm connection is rather polemical (compare Raven & Axelrod, 
1974, us. Thorne, 1978), a number of pantropical genera could have 
entered South America via the Caatingas (or viceversa!) at the time of a 
closer relative position to Africa (Raven & Axelrod, 1974; Gillet, 1979), 
such as Ziziphus , Cochlospermum , Parkinsonia , etc.; two potential 
examples are analyzed below. The only known American species of 
Commiphora , a genus of some 185 species otherwise almost entirely 
African (a few species occur in Arabia and India), is C. leptophloeos ,
Chapter 8
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previously recognized as Bursera simply because it had been collected in 
South America and not in Africa (Gillet, 1979). It is practically 
restricted to the Caatingas (Fig. 5.35) save for three clear-cut outposts 
indicating a previous more expanded range of the species, or even 
probable ancient expansions of the Caatingas themselves (see maps in 
Hester, 1966, sub ’Deciduous Forest', and Ab' Saber, 1977b). The 
specimen collected by Ratter et al. in Corumba area shows a certain 
degree of morphological differentiation which may result in a new taxon 
at varietal or subspecific level (Gillet, in sched. & pers. comm.). A 
counter-hypothesis could be raised suggesting that C. leptophloeos 
evolved independently of the African members of the genus from the 
Bursera floristic stock present in Mesoamerica and N South America. 
In the genus Erythrina , the subgenus Erythraster comprises 13 species, 
of which 11 species occur in the Old World tropics (Krukoff & Barneby, 
1974). The other two consist of a Cuban endemic and Erythrina velutina, 
which occurs in the Caatingas, W Ecuador and the dry Caribbean coast 
and could have arrived to South America via the African representatives 
of the subgenus.
b- The Caribbean connection: certain species of the Caatingas seem to 
have derived from a close relative in the dry Caribbean coast of N 
Colombia and Venezuela (the Guajira province of Cabrera & Willink, 
1980), with some probable cases of vicariance. This hypothesis finds 
support in Sarmiento (1975), who studied the arid biomes of South 
America and made a comparison at generic level, and concluded that the 
strongest floristic relationships of the Caatingas refer to the Guajira 
province together with the Northern Andean Valleys of Colombia. Such 
is the case of Copernicia tectorum-C. cerifera , later deriving into the 
southern C. alba (see Sect. 8.2); Licania rigida of the Caatingas has its 
closest relative in the Colombian and Venezuelan L. arborea (Prance, 
1972), which also extends into Central America; Spondias tuberosa , the 
resourceful 'umbu of the sertao encounters its homologous species in S. 
mombin from the dry Caribbean sector of N South America. In the 
Cactaceae family, the Caatingas endemic Pereskia aureiflora is closest to 
P. guamacho of the dry Guajira province (Leuenberger, 1986), despite the 
fact that for this genus an Andean route might seem more likely if the 
distribution of all of its species is considered. Some species seem to 
follow a Caatingas-Guajira disjunction in their range, such as Mimosa
Chapter 8
tenuiflora and Chloroleucon mangense , perhaps indicating that they did 
not have enough evolutionary time to speciate in either area; other 
species would be Caatingas endemics if it were not for isolated collections 
in N South America, such as Sebastiania catingae (disjunct in 
Sabanilla, Colombia; see Pax & Hoffmann, 1958b) and Mimosa 
gemmulata (disjunct in Lara, Venezuela; see Barneby, 1985).
Some other examples could be provided, but sometimes the 
connection Guajira-Caatingas is not so clear-cut. For instance, the 
present author has been unable to find any literature on the genus 
Cavanillesia , or confirmation via herbarium specimens at K, but it 
seems most likely that C. arborea of the Caatingas, Mata de Cipo and 
forests in Espirito Santo, must be a vicariad of C. platanifolia , the 
’macondo’ of the Caribbean coast of South America, but there also 
appears to be a third species in Amazonian localities (Rizzini, 1963) of 
unknown status. Harley (in press) shows two Labiatae which link the 
Caatingas to Venezuela, i.e. the monotypic Eriopidium strictum 
(occurring only in NE Brazil and the Orinoco river valley), and the 
caatinga species Hyptis salzmanii with disjunction in NE Venezuela but 
with one collection in Guyana close to the Rio Branco area.
c- The Andean route: it is likely that some species have reached the 
Caatingas via the west of the continent, as the extant fragments of a 
previously continuous distribution indicate. The main stepping stones of 
this route - dry Caribbean area, coastal western Ecuador, piedmont 
forests of Bolivia and Argentina, and the rest of the Pleistocenic Arc — are 
linked via dry interandean valleys mainly in Colombia and Peru, also 
postulated to have been used as migratory pathways by animals (Muller, 
1973). The complex Geoffroea striata Ispinosa (Fig. 5.58), and the trees 
Senna spectabilis (Fig. 5.62), Parkinsonia aculeata (Fig. 5.74) and 
Sideroxylon obtusifolium (Fig. 5.75) seem to follow this pattern.
A more complex matter is to determine the direction followed 
by the proposed taxa for this migratory route. For instance, Haynes & 
Holm-Nielsen (1989) argue for the Caatingas as the possible center of 
origin of the genus Hydrochleys (Limnocharitaceae), where the greatest 
concentration of primitive characters is found, and postulate a southerly 
migration which resembles very much the Pleistocenic Arc proposed
Chaco - Caatingas floristic links 224
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here. Subsequently, the genus must have joined the Andean route up to 
the Caribbean coast of South America, and from here diverging SE to the 
Guianas and NW to Central America. Haynes & Holm-Nielsen (1989) 
point out the striking fact of the absence of Alismatidae from the Amazon 
basin, as most taxa are restricted to areas with wet and dry seasons, 
specially in ephemeral ponds and forests with flood-drought cycles. 
Although the Andean route in the genus Hydrochleys is well supported 
by the evidence provided, there is still a chance that a Trans-Amazonian 
route could also have existed, whereas any suitable environment for 
these aquatic plants has disappeared along the migratory pathway 
across eastern Amazonia. Only fossil or pollen evidence could prove this 
point.
Exactly the opposite direction seems to have occurred with the 
genus Coursetia sect. Craccoides (Leguminosae), particularly in the 
final leg NW Argentina-Caatingas when it runs a SW-NE orientation as 
proposed by Andrade-Lima (1982) but for the wrong floristic stock. Lavin 
(1988), in his impressive monographic treatment of Coursetia , makes 
very valuable comments on its phytogeography. He postulates that the 
caatinga species C. vicioides , the closest to the perichaquenian C. 
hassleri , must have arrived (or its ancestors) to the Caatingas from the 
south, migrating from N Argentina and S Bolivia where there are a 
number of species pertaining to the same sect. Craccoides . This section 
has two primary centers of diversity in the cordilleras of central and 
southern Mexico and in the Andes of Colombia to N Peru, basically 
following the Amphitropical Seasonal Forests Pattern shown in Sect. 
5.3.3 . Lavin found the presence of Coursetia rostrata (sect. Coursetia ) 
in the Caatingas rather puzzling since it is here very distant from its 
closest relatives, the C. glandulosa group in Mexico, and he suggested it 
must have migrated into NE Brazil via N Argentina and S Bolivia. 
However, an alternative scenario is that a common ancestral stock could 
have migrated together with other members of the flora of Mexico, either 
elements of the Sonora desert (Parkinsonia aculeata , Sideroxylon 
obtusifolium ) or deciduous forests communities (Tabebuia impetiginosa , 
Coutarea hexandra , Crateva tapia , Myroxylon balsamum , Poeppigia 
procera , etc.; see Sect. 5.3.3), via a Trans-Amazonian route (see below).
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d- The Trans-Amazonian route: a number of Caatingas species probably 
have arrived there via the Atlantic side of the continent, crossing the 
Amazonian plains at a time when the rainforests had receded because of 
the wet-dry cycles during the Pleistocene. Originally coming from 
Mexico, Central America and/or the Caribbean area, the main stepping 
stones of this route seem to be: 1- the Guajira province in N Colombia and 
Venezuela, and the Orinoco delta in some cases; 2- the Guianas as a 
whole, or the SW sector of Guyana and adjoining Rio Branco in Brazil, 
i.e. the Roraima-Rupununi area where Commiphora leptophloeos , 
Brunfelsia uniflora and Coursetia ferruginea have been collected; 3- the 
Faro-Monte Alegre area near Santarem in Para, Brazil, where species 
such as Tabehuia impetiginosa (Fig. 5.70), Myroxylon balsamum (Fig. 
5.71), Aspidosperma pyrifolium (Marcondes-Ferreira, 1988) and Cereus 
cf. jamacaru (Andrade-Lima, 1959 & 1966c) have been collected or cited; 
4- several localities in Maranhao state, such as the alleged caatinga 
vegetation in the Coroata-Vargem Grande area (Bigarella et al., 1975); 
and 5- finally the province of the Caatingas. Some of these species would 
extend from there to the south into SE Brazil or E Paraguay, therefore 
overlapping in part the Pleistocenic Arc (see Sect. 5.3.1), and in some 
cases even reaching the savannas of NE Bolivia (Llanos de Mojos).
The present author must disagree with Lavin (1988) when he 
denies the possibility of an ancient E Amazonian extension of the 
Caatingas during a drier climatic phase. On the contrary, several 
distribution maps shown in this thesis present basically the evidence of 
such an expansion, of which only relictual isolated populations are 
extant at present. This does not invalidate his hypothesis of the arrival of 
Coursetia rostrata via the Andean route (see above), but it is here 
considered as more likely that the Trans-Amazonian route was taken 
instead, even though the evidence for this has been wiped out by the 
expansion of the rainforests. Perhaps significantly, there is also 
mounting evidence from animal distribution patterns for Amazonian 
cross-connections (see Ch. 7, and Muller, 1973).
The most relevant species following this route apparently also 
migrated via the Andean route, and they are commented upon below 
(point e). Some other examples probably are the distribution ranges of 
Crateva tapia (Fig. 5.68), Hymenaea courbaril var. courbaril (Fig. 5.69),
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Albizia polyantha (Fig. 5.91), and Aspidosperma discolor (Fig. 5.92). 
litis (1959) in his landmark paper on the taxonomy and evolution of 
Cleome sect. Physostemon provided further evidence for this route. The 
Caatingas species, C. tenuifolia and C. rotundifolia , are considered 
highly evolved taxa, and their ancestral stock in all likelihood has come 
from W Mexico via this Trans-Amazonian route, as C. guianensis (a 
wide ranging species in the Americas, collected in Monte Alegre, Para, 
and in the driest 'seridd* of Paraiba) and C. lanceolata clearly suggest, 
the latter species with three subspecies in Oaxaca (Mexico), the 
Caatingas and E Paraguay.
e- The pincers movement (Andean/Trans-Amazonian route): a group of 
species of deciduous seasonal forests seem likely to have migrated 
following both preceding pathways, unless some sectors of their present 
distribution consist of much more recent arrivals which could not be 
attributed to Pleistocenic climatic fluctuations. Such are the cases of the 
amphitropical trees Tabebuia impetiginosa (Fig. 5.70), Myroxylon 
balsamum (Fig. 5.71), Coutarea hexandra (Fig. 5.67), the shrub 
Ipomoea carnea ssp. fistulosa (Fig. 5.59), and the South American 
complex Cordia alliodoraItrichotoma (Fig. 5.64). Probably Solanum 
granuloso-leprosum (Fig. 5.63) could be added to this list, and also the 
genus Loxopterigium (Anacardiaceae) since it fragments into five 
species along both sides of the continent, although there is no proof that 
both arms of the distribution ever met in the intervening Pleistocenic Arc 
(Fig. 5.61).
Cochlospermum vitifolium , regarded as the most primitive 
species of the genus, also seems to have followed both routes (see map in 
Poppendieck, 1981). The cerrado species C. regium (an hexaploid with 
2n=36; Morawetz, 1986) may have evolved from C. vitifolium (2n=24), and 
a corridor of transitional forms between them occurs to the west of the 
Caatingas. Meanwhile, both species meet again in Bolivia, but in this 
case they are in distinct habitats and do not appear to hybridize. This is 
taken here as an indication that both routes were followed independently, 
although not necessarily simultaneously. Thus the eastern arm gave 
rise to C. regium when it had to face the very different environment of 
the Cerrados, and it thereby spread south until eventually meeting the 
disjunct populations of C. vitifolium in Bolivia. This agrees with
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Poppendieck’s view (op. cit.) that these latter populations are a relict of a 
once continuous distribution previous to the evolution of C. regium , and 
also with Morawetz (1986) who postulates the origin of polyploidy in 
Cochlospermum as a result of repeated migrations and/or changes of 
ecological niche.
The section Franciscea in the genus Brunfelsia (Solanaceae) 
recognizes two major centres of speciation: the eastern Andes, with the 
more primitive species, and SE Brazil, with the greatest number of 
species (Plowman, 1979). The bridge between both areas is Brunfelsia 
uniflora (Fig. 5.56), which migrated either East from the Andes in the 
Piedmont Forests to SE Brazil and later the Caatingas, or from SE Brazil 
westwards and northwards, but in any case the corridor must have been 
available through the wet-dry arc of seasonal vegetation. From the 
Caatingas this species very probably extended north to the dry Guajira 
province in the Caribbean coast of South America through E Amazonia, 
leaving extant populations in the Rio Branco-Roraima region. The latter 
"are morphologically distinct and appear to have been isolated in this 
endemic area for some time" (Plowman, op. cit., p.488). Thus, the 
section Franciscea seems to adjust well to the pincers movement, while 
the particular case of B. uniflora can be taken as further evidence of the 
Trans-Amazonian route, in this case probably in S-N direction.
Another group of Caatinga species seems to have moved along 
this proposed migratory route but either failed to complete the pincers 
movements or they became extinct in certain parts of it. Such is the case 
of Aspidosperma cuspa and A. polyneuron (Fig. 5.54 & 5.55), which in 
the west side of the continent spread through dry Andean valleys in 
Colombia but only reaching Ecuador or N Peru, and both are absent from 
Bolivia or the Subandean Piedmont Forests. Also Erythrina velutina 
can be mentioned, which reaches as far south as W Ecuador in the west, 
and the Caatingas in the east (see distribution map in Bigarella et al., 
1975). Another example is provided by the Composite herbaceous genus 
Isocarpha , which presents five species arranged in two sections (Keil & 
Stuessy, 1981). Section Isocarpha holds four of the species, two 
occurring from Mexico to N Colombia and Venezuela through Central 
America and the West Indies, while the other two appear at different 
altitudes in the lowlands of W Ecuador (/. microcephala , confined to the
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strongly Caatingas-linked vegetation of this area) and the mountains of N 
Peru. The ^ccl.Cylindriflorae contains only the Caatingas endemic I. 
megacephala , which has substantially differentiated evolutionarily from 
the rest of the genus (Keil & Stuessy, 1981). The latter species and section 
would be totally isolated and disjunct if it were not for two exsiccata of I. 
atriplicifolia var. atriplicifolia in N Piaui and N Maranhao, at the edge 
of the Caatingas, while the nearest collections of this variety are located 
in the Maracaibo Lake in Venezuela and dry coastal Colombia (the 
Guajira province).
f- The Pleistocenic Arc as a migratory route: a considerable group of 
woody species, comprising some of the more important members of the 
Caatingas, follow this pattern of distribution across central South 
America, as discussed at length in Sect. 5.3.1. This arc of formations 
must have been used as a migration corridor by other amphitropical and 
South American species (see routes c, d and e). Anandenanthera 
colubrina var. cebil (Fig. 5.38), the paradigm of this kind of distribution, 
is complemented by A. colubrina var. colubrina (Fig. 5.39) which is 
supposed to have arisen from var. cebil or an ancestral form (Altschul, 
1964) in the Planalto of central Brazil, where the greatest variability of 
this small genus concentrates. The other species of the genus, A. 
peregrina , must have originated at an earlier time than A. colubrina 
itself (Altschul, 1964) in the same area, and it seems to have migrated 
northwards via the Pleistocenic Arc and either the Trans-Amazonian 
route or 'campos' expansions amid the then contracted Amazon 
rainforests, to finally arrive in N Venezuela and the West Indies.
The extra-Amazonian Phytolaccaceous genera Seguieria and 
Gallesia seem to have their centre of diversity and probably of origin in SE 
Brazil, although Rohwer (1982, p. 243) has misgivings about this view. 
Five of the six species of Seguieria seem to fall within the scope of the 
Pleistocenic Arc, from wetter areas in the Caatingas to N Peru, 
particularly Seguieria aculeata which also extends beyond this arc to the 
Guajira province (see Rohwer, 1982, Fig. 11). Some of these species, or 
■ their-ancestors; must have used the seasonal formations as a corridor to 
finally speciate in NW Bolivia (S. brevithyrsa ) or N South America (S.
macrophylla ).
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g- The Amazonian encroachment: a more reduced group of species 
pertaining to genera which have the bulk of their distribution in the 
Amazon rainforests and related formations (such as gallery forests in 
the Cerrados), can also be found well into the semiarid NE Brazil. 
Examples are Couepia uiti (Fig. 5.93), and in the mainly Amazonian 
genus Sterculia (Taroda, 1984), S. striata occurs in arboreal caatinga 
(Andrade-Lima, 1975; Ratter et al., 1978) and also in W Bahia, N Minas 
Gerais and the Corumba calcareous outcrops (Fig. 5.53). The 
Leguminous tree Poeppigia procera extends from Mexico and Central 
America to Andean South America, but instead of following the usual 
pattern of seasonal formations seems to take a shortcut through the 
Amazon (Fig. 5.72) to later reappear in the Caatingas. The small 
Amazonian genus Martiodendron (Leguminosae) comprises mostly 
majestic canopy trees but also a shrub to treelet which has evolved in 
northern areas of the Cerrados and in the Caatingas, M. mediterraneum 
(Koeppen & litis, 1962).
h- The Atlantic forest encroachment: in Rizzini's view (1963, 1979) half 
the floristic stock of the Caatingas is derived from the Mata Atlantica 
rainforests. It is not possible with the available taxonomic and 
evolutionary information to ascertain the correctness of this view, but 
there exist evidence indicating that certain species could possibly have 
resulted from adaptation of taxa from more humid environments. Lee & 
Langenheim (1975) suggest that the genus Hymenaea (Fabaceae) has 
originated in rainforests in the New World, probably with H. oblongifolia 
in the center of diversification of present-day species. One of the varieties 
of that species, var. latifolia of the 'Hylaea Bahiana’ (Andrade-Lima, 
1966a), probably gave rise to the caatinga endemism H. eriogyne , 
together with other species. Likewise, the Caatingas endemics Pereskia 
bahiensis and P. stenantha (Cactaceae) are very close to, and probably 
derived from, P. grandifolia of coastal Brazil (Leuenberger, 1986). Also 
in the Fabaceae, the caatinga endemic Parapiptadenia zehntneri is 
closest to P. pterosperma of the Atlantic rainforests in Espfrito Santo and 
Rio de Janeiro (Lima & Lima, 1984); a parallel situation is reported for 
Luetzelburgia (Lima, 1984), where the Caatingas endemic L. andrade- 
limae is the nearest to L. guaissara from Mata Atlantica in Rio de 
Janeiro, Sao Paulo, Parand and Santa Catarina. A number of species 
accepted here as albeit rather dubious members of the Caatingas have
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very probably edged into that province from the Atlantic forests or the 
local 'brejos' in wetter years or taking advantage of somewhat more 
humid pockets. Such taxa are Phyllosthylon brasiliense , Gallesia 
integrifolia , Seguieria aculeata , Myroxylon balsamum , Pisonia 
tomentosa , etc.. The Atlantic forest- Caatinga link has not been 
explored intensively in the present study.
i- The Cerrados expansions: some species whose distribution is basically 
centered in the Cerrados savannas of central Brazil, can also extend to 
NE Brazil and become relevant members of the Caatingas, such as 
Tabebuia caraiba (Fig. 5.52). Nevertheless, in most such cases their 
presence in the thorn forests seems to be more occasional, e.g.: 
Machaerium acutifolium (Fig. 5.80), Platypodium elegans (Fig. 5.65), 
Hymenaea martiana (Fig. 5.79), Copaifera langsdorfii and 
Aspidosperma discolor (Fig. 5.92), the latter also extending into the 
Amazon forests. Also Riedeliella graciliflora is a cerrado shrub with 
disjunct populations in the Caatingas of SW Bahia (Lima & Vaz, 1984).
i- Some curious distributions: two perplexing cases of disjunction have 
been found during the course of this study. The Apocynaceae 
Skytanthus hancorniifolius has been recorded in the Caatingas (Harley 
& Mayo, 1980), whereas the other species of this genus are known to 
occur in the N Chilean desert. Very similar to this pattern is the 
distribution of Hyptis sect. Leucocephala (Harley, in press) which 
comprises three species: H. leucocephala is a small herb endemic to the 
Caatingas, H. stachydifolia is a shrub of 'campo rupestre' upland areas 
in N Bahia, while on the other side of the continent their closest relative, 
II. elongata , occurs in coastal Peru. These enormous disjuncts 
Caatingas-coastal Pacific desert of Peru and Chile are regarded here as 
very puzzling, and no discussion to this kind of disjunction has been 
encountered. It could be, obviously, the result of somewhat modern long­
distance dispersal (migratory birds carrying their seeds?, across the 
Andes??), or both areas had been connected somehow before the final 
uplift of the Puna Altiplano in the late Tertiary (Pliocene, see Solbrig, 
1976), or they are relictual fragments at the extremes of some of the NE 
Brazil-Andean Cordillera distributions previously discussed.
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8.4- Distribution patterns and palaeoclimates:
The individual species distribution dot maps presented in 
sections 5.3.1, 5.3.2 and 5.3.3 have been superimposed to produce two 
compound maps (Fig. 8.4 & 8.5) which aim to show the main distribution 
patterns which are at the heart of the discussion and analyses presented 
in this thesis. Fig. 8.4 maps the distribution 'tendencies' or patterns of 
those 36 species judged to comprise what has been called here the 
'Residual Pleistocenic Seasonal Formations Arc', or Pleistocenic Arc (see 
legend for list of species involved, and their individual distribution maps 
in Sect. 5.3.1). Three concentrations or 'nuclei' of distributions can be 
discerned: (1) the Caatingas of NE Brazil, (2) the Paraguay-Parana river 
system, and (3) the Sub andean Piedmont Forests of SW Bolivia and NW 
Argentina. Less dense dotting is visible expanding to the west of the 1st 
nucleus into Maranhao state, where the presence of relictual caatinga 
outposts is still a controversial matter (cf. Galvao, 1955, and Bigarella et 
al., 1975, vis-a-vis Eiten, 1965 & 1972, p. 288). This area in turn can be 
hypothesized as linking to the Faro/Monte Alegre area in Para, and 
further north to the Roraima-Guyana border area. The single dot shown 
in the latter region corresponds to the very significant exsiccatum of 
Commiphora leptophloeos by E. Ule.
The first nucleus is somewhat less loosely connected to the 
second through two 'tracks'7: the northern and the southern routes. 
The northern track seems to cut present-day Cerrados in two halves, 
extending as a narrow strip from W Bahia (probably getting into Goias 
via the Rio Grande valley) to the calcareous outcrops in the Federal 
District and surrounding areas (see Ratter et al., 1978). The deciduous 
forests of the so-called Mato Grosso de Goias (beginning somewhat to the 
E of the city of Goiania) are part of this track, which crosses the Araguaia 
river at the height of Aragarfas, presumably here branching north to the 
Xavantina/Cachimbo and Ilha do Bananal areas, and west to the Cuiaba- 
N Pantanal area, later reaching the calcareous hills around Corumba 
and Urucum in Mato Grosso do Sul (Kanter, 1936; Kuhlman, 1954; Ratter 
etal., 1988b).
7 The present author is aware that some of the proposed 'tracks' might simply overlap 
with well collected areas or routes, instead of indicating an adjusted pattern of 
distribution. However, it is here believed that these tracks do suggest ancient 
connections between the nuclei of distribution.
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peruviana, Ziziphus guaranitica, Z. oblongifolius.
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The southern track extends at first along the Sao Francisco 
and Jequitinhonha river valleys, and south in a wide band along the Rio 
das Velhas up to Belo Horizonte area and the Rio de Janeiro state. The 
latter region has been subject to intense wet-dry climatic fluctuations 
during the Pleistocene (Cailleux & Tricart, 1959;Tricart, 1961). The 
southern track then goes through the states of Sao Paulo, Parana and 
Santa Catarina, mostly via the Planalto and river Uruguay basin forests, 
until meeting the 2nd nucleus of distribution in NE Argentina, E 
Paraguay and SW Mato Grosso do Sul.
The 2nd nucleus, with a central axis in the Paraguay-Parana 
system is nowadays linked to the 3rd nucleus only through the Santiago 
and Chiquitos Sierras in Bolivia. This connection is interrupted between 
Chiquitos and Santa Cruz de la Sierra by a moderate northwards 
protrusion of the Chaco s.s. (see Fig. 8.2), which seems to encounter or to 
give way to tropical forests of direct Amazonian influence with no 
intervening communities of species of the Pleistocenic Arc. It is likely, 
however, that there were almost certainly additional links in the past 
between the 2nd and 3rd nuclei, as is today exemplified by the vegetation of 
the Cerro Le6n in the middle of the Paraguayan Chaco plains. Spichiger 
& Ramella (1989) and Ramella & Spichiger (1989) describe some 
communities on these hills and along the Timane/Lagerenza river 
valley, which very closely resemble the physiognomy and floristics of both 
the 'Palo bianco' forest and arboreal caatinga, being also very similar to 
the 'caatinga' forest of calcareous hills around Corumba (Ratter et al., 
1988b). It is likely that when the flora and vegetation of Cerro Le6n 
becomes better known, stronger links with calcareous and Caatingas 
vegetation will emerge. Indeed, one would predict the presence of at 
least some species, such as Schinopsis brasiliensis , Commiphora 
leptophloeos , Tabebuia impetiginosa , Piptadenia viridiflora , Senna 
spectabilis var. spectabilis ,Ruprechtia laxiflora , Enterolobium 
contortisiliquum , Patagonula americana , one of the species of the genus 
Loxopterigium (or a new taxon), the complex Cordia alliodora/ 
trichotoma , Phyllost ylon rhamnoides , or even Brunfelsia uniflora , 
Myroxylon balsamum or Aspidosperma polyneuron , none of which have 
been cited for the area yet. Any of these taxa would add to the already 
known presence there of Anadenanthera colubrina var. cebil ,
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Astronium urundeuva , Amburana cearensis , Pterogyne nitens , 
Geoffroea striata , Aspidosperma pyrifolium , Albizia polyantha , 
Maclura tinctoria , Pisonia zapallo , Sideroxylon obtusifolium and 
Calycophyllum multiflorum (Spichiger & Ramella, 1989; Ramella & 
Spichiger, 1989). It is also likely that specific and even generic 
endemisms would be encountered in the Cerro Le6n or other isolated 
hills of the Paraguayan Chaco, such as the recently described and 
puzzling Sphingiphila (Bignoniaceae), known only from the type 
collection in the Cerro Chovoreca in N Paraguay (Gentry, 1990).
The 3rd nucleus stretches continuously from SE Catamarca in 
NW Argentina to Santa Cruz de la Sierra in Bolivia as a narrow strip of 
deciduous forests. It extends tenuously but persistently along the 
foothills of the Andes in NW Bolivia, and enters Peru to be present in dry 
interandean valleys and just reach western Ecuador. The Acre state in 
Brazil has two species of the Pleistocenic Arc (Amburana cearensis var. 
acreana and Celtis pubescens ) and, not unexpectedly, other more 
widespread species have also been collected in this area, e.g. Myroxylon 
balsamum and Poeppigia procera .
The composite map of Fig. 8.4 also shows a conspicuous blank 
area between the 2nd and 3rd nuclei, which corresponds to the Chaco s.s. 
as here defined (see Fig. 8.2). This is further striking evidence of the 
virtual lack of floristic links between the Chaco and the Caatingas. 
There are, however, six exsiccata within the Chaco (indicated with open 
triangles in Fig. 8.4) which correspond to some of the few intrusions of 
tropical elements in the Chaco plains via the gallery forests in the west 
(Enterolobium contortisiliquum , Calycophyllum multiflorum , Albizia 
polyantha , Anadenanthera colubrina var. cebil ), and via gallery forest 
or relictual stands of richer forest in the east (Ruprechtia laxiflora , 
Patagonula americana , Phytolacca dioica , Astronium balansae ). The 
scanty presence of these elements within the Chaco plains, together with 
those cited in Morello (1967), Adamoli et al. (1972) and Morello & Adamoli 
(1974), were regarded by the same authors as ’species of non-chaquenian 
lineage' (Adamoli et al., 1972) or 'transchaquenian elements of 
subtropical forests' (Morello & Adamoli, 1974, p. 44). In Table 8.5 are 
listed some species of the 'Palo bianco' and 'Tipa-Pacard' forests whose
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TABLE 8.5: List of woody species of the Subandean Piedmont Forests also 
occasionally occurring in Western Chaco.
Anadenanthera colubrina (Veil.) Bren. var. cebil (Griseb.) Altschul 
Basistemon spinosus (Chodat) Moldenke 
Calycophyllum multiflorum Grisebach 
Carica querci folia (St.-Hil.) Hieron.
Ceiba chodatii (Hassler) Gibbs & Semir comb. ined.
Coursetia hassleri Chodat
Enterolobium contortisiliquum (Veil.) Morong 
Jacaratia corumbensis Kuntze
Maclura tinctoria (L.) Don ex Steudel subsp. mora (Griseb.) V.Avila 
Manihot guaranitica Chodat & Hassler subsp. guaranitica 
Patagonula americana L.
Pereskia sacharosa Grisebach 
Phyllostylon rhamnoides (Poisson) Taubert 
Pterogyne nitens Tul.
Ptilochaeta nudipes Grisebach 
Quiabentia pflanzii (Vaupel) Berger
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presence within the Western Chaco are further evidence that these 
forests were more extended to the east of their present position during the 
climatic fluctuations of the Pleistocene (Vuilleumier, 1971; Ab' Sdber, 
1977b). These forests must have extended further south as well, as the 
relictual presence of Anadenanthera colubrina var. cebil in the Cdrdoba 
hills (Hunziker, 1973) seems to indicate.
Figure 8.5 presents another composite map of species relevant 
to the Caatingas with more ample distributions (see legend for list of 
species, and individual maps in Sect. 5.3.2 & 5.3.3). This map still 
permits a clear delimitation of the Pleistocenic Arc, and although the 
three nuclei of distribution are still discernible, this aggregation of 
species emphasizes the connecting tracks between them and also 
highlights links to the Caribbean and W Ecuador areas. Some of these 
additional species emphasize the importance of the Acre region in the 
west of Amazonia, whilst in the east the Faro/Monte Alegre and the Rio 
Branco/Roraima areas are better defined as a potential connecting route 
Caatingas-Guajira province; there is also an alternative route via the 
Guianas. A nucleus in W Ecuador is seen as linked to N Colombia 
through the Magdalena and Cauca valleys, as also postulated for animal 
distributions by Muller (1973). A number of elements reach the dry 
Caribbean area through Mesoamerica, coming from as far Mexico and 
W Central America, while others arrive to South America through the 
West Indies (e.g. Hymenaea courbaril var. courbaril ).
It can be noted at this point that there is a close correspondence 
between these two synthetic maps (Fig. 8.4 & 8.5), and the hypotheses of 
past climatic events occurring during the Pleistocene, as exemplified in 
the maps and hypotheses presented by Ab' Saber (1977b & c). Firstly, the 
Ab' Saber map (Fig. 8.6; Ab' Saber, 1977c) of Morphoclimatical and 
Phytogeographical Dominia of South America shows, to a certain extent, 
the pattern of the Pleistocenic Arc. Ab' Saber delimited the main core 
areas in South America as those with homogeneous geomorphological 
and climatological features which correlated with known floristic 
provinces. His 'Dominio do Chaco Central' is then a perfect match to the 
Chaco s.s. (cf. Fig. 8.2 & 8.6), even to the extent of leaving the so-called 
Eastern Chaco as a transitional sector. He also regarded the 'Dominio 
das Caatingas' core area as perfectly defined because of its homogeneity
Chapter 8


Fig. 8.6: The Morphoclimatieal and Phytogeographical Dominia of South 
America, according to Ab’ Saber, 1977c.
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in landscape, ecology and hydrology (Ab' Saber, 1977c, p. 13); he also left a 
number of areas unmarked because they would not fit into any of the core 
areas, and these he regarded as transitional. In this category Ab' Saber 
included the ’agreste’, the 'mata de cipb' in S Bahia, and parts of 
Maranhao and Piauf. These transitional belts are continuous from the 
Caatingas, all around north and south of the Cerrados core area, to 
reach the Pantanal, Eastern Chaco, the areas north of the Santiago and 
Chiquitos Sierras, and the Subandean Piedmont Forests in Bolivia and 
NW Argentina. From the so-called Eastern Chaco finger-like 
protrusions extend along the Uruguay, Paraguay and Parana river 
valleys. This sequence effectively traces the Arc of Residual Pleistocenic 
Seasonal Formations (compare Fig. 8.4 & 8.6), with some differences in 
what Ab' Saber refers to as the Planalto forests, and with the detail that 
the calcareous enclaves within the expanse of the Cerrados are omitted. 
However, Ab' Saber (1977c) pointed out that because of the scale of his 
map no attempt was made to indicate the presence of enclaves within the 
core areas.
Much the same close correspondence can be observed with the 
Ab' Saber (1977b) map of natural dominia in South America between 
13,000 to 18,000 years BP (Fig. 8.7). Based mainly in geomorphological 
evidence he proposed that the Caatingas-like vegetation and habitats 
were much more widespread at the time of glacial phases (Wurm- 
Wisconsin), when the climate of South America must have been 
increasingly drier and somewhat colder than present (Damuth & 
Fairbridge, 1970; Vuilleumier, 1971; Bigarella et al., 1975; Ab' Saber, 
1977b). A 'Caatingas type' vegetation would at that time have extended 
south from its present position as a wide band across Minas Gerais and 
Rio de Janeiro, presumably also enclosing those areas of the continental 
shelf uncovered by the retreating sea waters along SE Brazil (see Ab' 
Saber's map, and Vuilleumier, 1971, Fig. 2). The 'Caatingas area' also 
extended west through Piauf and Maranhao, encircling completely the 
Cerrados and stretching SW across N Goids, Ilha do Bananal, the 
Federal District, mid-Araguaia river, the Cuiaba pediplane, the 
Pantanal, and finally encasing the Chaco in a much more reduced 
extension than that of present-day, limiting it in its north, east and west 
borders. At this time, under the prevailing climatic regime, it is also
Chapter 8
___________ _______ ____ __ _ :___ '____ :_____ ________________________ 1_____ _______________ _______________ _ _____________ '•
DOMINIONS NATURAIS
DA AMERICA DO SUL 
HA' 13 000 -18 000 ANOS
PRIMEiRA APROXIHACto
AZIZ AB’SA'BER 
• ' • 1 977
Arm tfttt-tnit! r«*» rxv/M/M » llitti titu* 
h/ti fan atltctti!
Anu it ttltftf Iti-ittittictt (tilttlitt
Arrwr nttfrcn t ittt’tlien fntt fttltttitl 
in unfit ftltfitictt / •
Srn^tt nfc/ttt it ertttitt e/citc*tttt «*■ cat/atftt .
A/veAttt it Attaint (trililt at t taiitt)
Ottttftl rtcAtttt t iettrltt CtHtttit Hiatt!
elllltil !'&
Fig. 8.7: Natural Dominia in South America between 13,000 to 18,000 
years BP, according to Abf Saber, 1977b.
likely that the Subandean Piedmont Forests extended east into the Chaco 
plains.
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The distribution maps of caatinga species shown in this study, 
and particularly the composite ones of Fig. 8.4 & 8.5, are again in close 
accord with Ab' Saber hypothesis as shown in his map (Fig. 8.7). The 
resemblance is sustained even to the extent of precise localities (as 
opposed to broad regions), which were in his view, and it is here agreed, 
part of the Caatingas tracks not only crossing the Cerrados but also the 
Amazon (such as the depressions in the Rio Branco/Roraima area). 
There is some lack of agreement between modern distributions and these 
Pleistocene reconstructions. Thus, present-day plant distributions do 
not show strong evidence to support the wide western arm of the circum- 
cerrado extension of the ’Caatingas-type’ vegetation as proposed by Ab' 
Saber (1977b), although it could have been wiped out by climatic change 
and the subsequent expansion of the Cerrados and rainforests. Rather, 
the distribution patterns suggest that the western expansion of the 
Caatingas across Maranhao must have continued along eastern 
Amazonian areas such as Faro/ Monte Alegre, to link with the Rio 
Branco/Roraima depressions, SE Orinoco river delta, and finally 
reaching the dry Caribbean coast of N Venezuela and Colombia. In this 
scenario the Cerrados would have been cut into two segments, a northern 
one in N Goias, S Maranhao, SW Piauf and parts of W Bahia, and a 
southern one in SW Goias, S Mato Grosso, W Sao Paulo, and the eastern 
three-quarters of Mato Grosso do Sul (see Fig. 8.4). This presumably 
must have had an effect on the floristics of the Cerrados, and could 
possibly explain the N-S floristic gradient recently reported by Ratter & 
Dargie (in press). There would also most likely have been a track of 
seasonal vegetation along the Santa Catarina state, linking the coastal 
Caatingas and the Ilha Santa Catarina to the Paraguay-Parana river 
system and cutting through the pre-existing Araucaria forests, via the 
Rio do Sul area and the upper river Uruguay, as shown here in 
distribution maps and also proposed by Klein (1975), together with a more 
southern route through Torres in Rio Grande do Sul (Klein, 1975; Ab' 
Saber, 1977b). Ab' Saber also overlooked the links that must have existed 
with dry western Ecuador, via dry interandean valleys both through Peru 
and Colombia (the Magdalena, Marandn, Hudllaga, etc., river valleys),
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although the Acre state area is nearly reached by one of his proposed 
expansions of the Caatingas.
During the interglacial episodes in the Pleistocene, 
temperatures were seemingly warmer than today (Vuilleumier, 1971), 
and the sea level rose inundating the Amazon basin and particularly the 
area of the Paraguay-Parana system (see Vuilleumier, op. cit., Fig. 2).. 
This surely caused pronounced environmental modifications in the 
substratum which would have been encountered by the elements of 
seasonal formations reaching the latter area in the following glaciation 
phase, and consequently there could have been either specific 
differentiation or extinction for some of those elements. This view is 
supported by the idiosyncracies in the distributions of some taxa, e.g. 
Myroxylon balsamum and Piptadenia viridiflora (Fig. 5.71 & 5.48) are 
completely absent from the 2nd nucleus of distribution from Corumba to 
Argentina, and it is also noteworthy that of all the areas of seasonal 
woody formations this is the only one where the genus Loxopterigium 
has not been recorded (Fig. 5.61). The shrub Brunfelsia uniflora (Fig. 
5.56) is also absent from this area, but its place is occupied by its 
derivative B. australis (Fig. 5.57, and Plowman, 1979). Both Amburana 
cearensis (Fig. 5.40) and Senna spectabilis var. spectabilis (Fig. 5.62) 
seem to be suddenly interrupted in their southern expansion in the 
northern border of Paraguay (Apa river region). The tree Astronium 
urundeuva (i.e. =Myracrodruon urundeuva , Fig. 5.41) reaches 
Argentina along this area allegedly submitted to past marine 
transgressions, but it appears to be here far less frequent than in the 
Subandean Piedmont Forests, and ultimately it is replaced by its very 
close relative A. balansae (i.e. = Myracrodruon balansae , Fig. 5.83), 
which sometimes extends deeply into the Chaco s.s.. If the reinstated 
genus Myracrodruon is accepted, it would constitute a new endemism to 
the Pleistocenic Arc, to be added to Amburana , Pterogyne and 
Patagonula .
8.5- Tail-end:
There are still, of course, many unanswered questions. For 
example, if the climate was colder and drier during glacial episodes, how 
is it possible that caatinga-like vegetation could have extended south to 
NE and NW Argentina, with species which are limited by frost
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occurrence?. It is possible that the same climatic features did not prevail 
throughout the area at the same time (Markgraf, 1989). For example, 
the western face of the Andes had opposite conditions to those in the east 
(Vuilleumier, 1971). Furthermore, it is possible that within the tropics it 
was relatively colder (by about 4 to 59C) and drier, whilst the climate in 
NW Argentina might have been less subject to frosts and somewhat more 
humid than the present climate encountered in the driest parts of the 
Chaco s.s., so permitting the Subandean Piedmont Forests to extend their 
range. Markgrafs studies (1989) support this hypothesis since, 
according to her, moisture patterns showed regional differentiation in
South America, and "the southern subtropics were 
substantially moister than today during full- and late-glacial times, 
whereas everywhere else conditions were far drier than today". In 
principle there seems to exist evidence that this was likely so; there are 
patches of lateritic palaeosoils within the dry subtropical western Chaco 
in Formosa (Groeber, 1958), which would correspond to a past period 
under a humid tropical climate, which in turn left a palaeofluvial system 
recognizable in aerial photography (Addmoli et al., 1972). On the other 
hand, there are dune fields in SE Bolivia, W Paraguayan Chaco and 
central Formosa in Argentina, nowadays immobilized and covered with 
vegetation, which indicate that at some stage the climate was much drier 
than at present (Putzer, 1962).
In the study of the distribution patterns of the Caatingas 
floristic elements another paradox is apparent: how do woody species 
such as Albizia polyantha , Ipomoea carnea ssp. fistulosa , Enterolobium 
contortisiliquum , Geoffroea striata I spinosa , Crateva tapia , etc., survive 
the capricious drought cycles of the Caatingas, whilst they are also 
common in areas such as the Amazon basin or the Paraguay-Parana 
river system where flooding is the rule?. In this context, some results 
emerging from studies by F. Scarano (St. Andrews University) on anoxia 
tolerance are perhaps significant. Working on flooding-tolerant plants 
such as Enterolobium contortisiliquum , he established that drought 
causes hypoxia (low oxygen levels) in root tissues, which in turn enables 
the plant to prolong its flooding tolerance period (Scarapo, pers. comm.).
The present study set out to critically evaluate the alleged 
floristic links between Chaco and Caatingas vegetation in South
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America. Such links turned out to be very weak indeed, particularly 
when they are compared to the actual affinities between the Caatingas 
and other seasonal communities in the continent (the Subandean 
Piedmont Forests in NW Argentina and SW Bolivia, the Guajira province 
in N Colombia and Venezuela). Indeed, the links are so weak that it 
suggested that the Caatingas should be removed from the Chaquenian 
Dominium. Moreover, the prevailing concept of the Chaco itself, as a 
result of this analysis, proved to be a broad geographical entity rather 
than a well defined geobotanic unit in vegetational terms. The detailed 
study of the patterns of distribution of most of the more important species 
involved provides new evidence of probable ancient connections across the 
continent between present-day seasonal woody communities, such as 
what has been called here the 'Pleistocenic Arc'. These corridors of 
semiarid to strongly seasonal formations seem likely to have functioned 
as migratory routes by plant species, and this scenario provides a logical 
explanation for the patterns of speciation and degree of diversity found in 
such taxa when subsequent climatic changes broke up their previously 
more continuous distributions.
Chapter 8
Chaco - Caatingas floristic links 242
ACKNOWLEDGEMENTS
This work would never have been possible without the 
encouragement and tolerance of two people, who by now deserve nothing 
less than canonization (or at least they must be in state of ’olor de 
santidad'). One is Marta Bianchi, my wife and closest friend, who put 
up with sudden changes of mood from hysterical euphoria to abject 
depression, gave me constant support and motivation for the task ahead, 
and lent me her ears when I wanted to inflict my grievances on 
somebody, plus the bonus of funding this venture in its final leg. The 
other is, of course, Dr. Peter Gibbs, who presented me with a splendid 
subject to study and brilliant and simple ideas of how to do it, 
scrupulously corrected the infelicities of my Spanglish and stoically 
supported my irritating punctiliousness, while granting me the exciting 
experience of doing some field work in Brazil.
I would strongly support the beatification of two other great 
guys: Paulo Oliveira (JBB, Brasilia), with whom I shared the office and 
long conversations on the Chaco-Caatingas links, science and the 
meaning of life; after all these years of friendship we are agreed on the 
futility of will-power when one suffers diarrhoea. His help and 
encouragement in everything referring to computation deserves eternal 
gratitude. Also to Gwilym Lewis, at Kew Herbarium, who greatly 
contributed to this thesis guiding me through the maze of South 
American Leguminosae (not Fabaceae here because I am under death 
threat), swiftly answering my requests and gallantly digesting my 
corrosive sense of humour; by the way, without his ’Legumes of Bahia’ 
(yellow rubbish!) the floristic list of the Caatingas would have been 
impossible to gather, and the comparative study would have carried an 
original sin.
Financial support from the Bianchi Foundation is also 
gratefully acknowledged, together with very special thanks to our 
guardian angel while abroad, Ing. Domingo Bianchi, to whom we owe a 
' regular flow of newspapers from Argentina (or were they thrillers, in 
fact?), almost weekly letters and/or phone calls, and the free loan of a car
for one of the field trips.
Acknowledgements
243
Particular thanks to Dr. James Ratter (RBG, Edinburgh), 
somebody certainly not alien to sanctity, who enlightened me on the 
importance of the calciphilous vegetation in Brazil, showed sincere 
interest in the present study, and provided me with a generous flow of 
information, reprints, unpublished manuscripts, books and theses loans. 
His assistant Maureen Warwick always endured with kindness my 
requests of infinite xeroxes, and to her I am also greatly indebted ("lo que 
St. Andrews no da, Maureen provee"). Deep gratitude to everybody in the 
Catedra de Ecologia, Facultad de Ciencias Agrarias, Rosario, who in one 
way or another helped me in this achievement, and whose friendship, 
intelligent conversation and amenable company in the lab or during field 
work in the Chaco I have greatly appreciated; Eduardo Franceschi's 
humour-loaded letters have always made mine and Marta's day.
Chaco - Caatingas floristic links
I am very grateful to those who helped me while in Brazil: the 
hospitality of Dona Eurides and her family in Cuiaba; Gra?a (Maria das 
Gramas M. Pires, UFRP, Recife), who took me to the heart of the 
Caatingas in Pernambuco, and her 'enamorado'; Maria Angelica 
Figueiredo (UFC, Fortaleza), Paulo and the student Margarete, who 
kindly drove me throughout Ceara, transfered all the information 
requested and flooded me with invaluable reprints and caju nuts; and 
Arnildo and Vali Pott from Corumba (CPAP/EMBRAPA), of whom not 
only their extensive knowledge of the flora and scientific competence are 
appreciated, but also their very pleasant company.
Y hay mas agradecimientos para este boletin!!: Ing. Israel 
Feldman played a key role in some of the field work campaigns, 
providing funding, transport, accommodation and amenable company, 
and brightening the evenings with beautiful Yiddish stories. So did 
Ings. Chiquito Aviani and Flaca Laura, who took Marta and myself for 
the geographically most extensive field work in the Chaco I have ever 
done. Staff at Kew Herbarium have always been amazingly helpful and 
cordial in my several visits there; oustanding amongst them are Brian 
Stannard, sacrificing his time for visitors, and Dr Ray Harley, with 
whom I had a most profitable session and who, along with Dr Terry 
Pennington, generously gave me copies of unpublished manuscripts. I 
am also indebted to Mr Jan Gillett for his comments on Burseraceae. Dr 
Guillermo Sarmiento (Univ. Los Andes, Merida, Venezuela) patiently
Acknowledgements
Chaco - Caatingas floristic links 244
listened to me when we met in Glasgow, and gave me helpful advice. 
Carolyn Proen$a (St. Andrews Univ.) help me to solve nomenclatural 
problems in the redoubtable family Myrtaceae. Drs Matt Lavin 
(Montana St. Univ., USA) and Gerd Esser (Osnabriick, Germany) kindly 
presented me with copies of their monographs. Dr Marcelo Cabido 
(CERNAR, Cordoba, Arg.) sent me reprints and a copy of a key paper, 
together with interesting comments on the Sierra Chaco, all of which are 
gratefully acknowledged.
Directors of the following Institutes for loan of herbarium 
material: K, E, G, A, GH, IPA, UNR. One of the visits to Kew 
Herbarium was funded by the Russell Trust Awards scheme.
The following grants are gratefully acknowledged: University 
of St. Andrews Award, St Andrews University Research Grant, Overseas 
Research Students Award (Committee of Vice Chancellors & Principals 
of the Universities of the UK), leave of absence from Facultad de Ciencias 
Agrarias, Universidad Nacional de Rosario, Argentina, and last and 
least Beca Externa Doctoral (Sin Estipendios) del Consejo Nacional de 
Investigaciones Cientificas y Tecnicas, Republica Argentina.
And finally, to all our friends who made our time in St. 
Andrews and away from home less painful. This section would not be 
complete if I do not praise the merits, quality and flavour of 'Yerba Mate 
Taraguf, which in homoeopathic doses accompanied us in our 'exile'.
DIS-ACKNOWLEDGEMENTS
To CONICET, whose grant consisted only (so far) in my one­
way air ticket to the UK (about £ 310=), for which they demanded from 
me: one report every six months, to be signed by the supervisor as well, 
yearly applications for renewal of the grant, and written commitment 
that I would return to the country and work for double the time I've been 
abroad. In the meantime they sent me three letters at random renewing 
the grant (what grant?) for some of the periods I applied for, a note of 
acceptance of one of my six reports, and an urgent Telemessage 
demanding my immediate return to the country (before I had finished 
this thesis, of course). CONICET never bothered to send a note to Dr
Acknowledgements
Chaco - Caatingas floristic links 245
Gibbs advising him that he was going to receive an student from 
Argentina.
To those who devised and implemented the grossly immoral 
tax called Community Charge (recently abolished), which added insult to 
injury in our financial strains.
Acknowledgements
Chaco - Caatingas floristic links 246
9. REFERENCES
1- Ab’ Saber, A. N. (1974). 0 dominio morfoclimdtico semi-arido das
caatingas brasileiras. Geomorfologia, Sao Paulo. 43, 1-39.
2- Ab’ Saber, A. N. (1977a). Problematica da desertificafao e da
savanizagao no Brasil intertropical. Geomorfologia, Sao Paulo. 53, 
1-19.
3- Ab’ Saber, A. N. (1977b). Espafos ocupados pela expansao dos climas
secos na America do Sul, por ocasiao dos periodos glaciais 
quaternaries. Paleoclimas, Sao Paulo. 3, 1-19.
4- Ab’ Saber, A. N. (1977c). Os dominios morfoclimaticos na America do
Sul. Primeira aproxima?ao. Geomorfologia, Sao Paulo. 52, 1-23.
5- Ab’ Saber, A. N. (1982). The paleoclimate and paleoecology of
Brazilian Amazonia. Biological diversification in the tropics (ed. 
by G. T. Prance), pp. 41-59. Columbia University Press, New 
York.
6- Acosta-Solis, M. (1966). Las divisiones fitogeograficas y las
formaciones geobotanicas del Ecuador. Revista de la Academia 
Colombiana de Ciencias. 12, 401-447.
7- Adamoli, J. (1973). Frecuencia, confinamiento y transgresividad en
especies del Chaco argentino. Boletin de la Sociedad Argentina de 
Botanica. 15, 1-11.
8- Adamoli, J. (1982). O pantanal e suas relagoes fitogeograficas com os
Cerrados. Discussao sobre o conceito de "Complexo do Pantanal". 
Anais do XXXII Congresso Nacional de Botanica. Teresina, 1981 
(ed. by Sociedade Botanica do Brasil), pp. 109-119. Universidade 
Federal do Piaui.
9- Adamoli, J., Neumann, R., Ratier de Colina, A. D., & Morello, J.
(1972). El Chaco aluvional salteno (Convenio INTA-Prov. de 
Salta). Revista de Investigaciones Agronecuarias, INTA, Serie 3. 
Clima v Suelo. 9,165-237.
10- Allem, A. A., & Vails, J. F. M. (1987). Recursos forrageiros nativos
do Pantanal mato-grossense. EMBRAPA-CENARGEN, 
Documentos,8. Empresa Brasileira de Pesquisa Agropecuaria, 
CENARGEN, Brasilia.
11- Altscbul, S. v. R. (1964). A taxonomic study of the genus
Anadenanthera. Contr, Gray Herb. Univ. Harvard. 193, 1-65.
References
12- Alvim, P. d. T. (1949). Observafoes ecologicas sobre a flora da regiao
semi-arida do Nordeste. Revista Ceres, Vicosa. 8,105-111.
13- Andrade, G. O., & Lins, R. C. (1964). Introdu?ao ao estudo dos
"brejos" pernambucanos. Arquivos do Instituto de Ciencias da 
Terra, Recife. 2, 21-34.
14- Andrade, G. O., & Lins, R. C. (1965). Introdufao a morfoclimatologia
do nordeste do Brasil. Arquivos do Instituto de Ciencias da Terra, 
Recife. 3-4,17-28.
15- Andrade-Lima, D. d. (1953). Notas sobre a dispersao de algumas
especies vegetais no Brasil. Anais da Sociedade de Biologia de 
Pernambuco. 11, 25-49.
16- Andrade-Lima, D. d. (1954). Contribution t& the study of the flora of
Pernambuco, Brazil. Monograffas. Universidade Rural de 
Pernambuco, Recife.
17- Andrade-Lima, D. d. (1959). Viagem aos campos de Monte Alegre,
Para. Contribuifao para o conhecimento de sua flora. Boletim 
Tecnico do Instituto Agrondmico do Norte. Belem. 36, 99-149.
18- Andrade-Lima, D. d. (1960). Estudos fitogeograficos de Pernambuco.
Arquivos do Instituto de Pesquisas Agrondmicas. Recife, 5, 305­
341.
19- Andrade-Lima, D. d. (1961). Tipos de floresta de Pernambuco. Anais
da Associacao dos Geografos Brasileiros. 12, 69-85.
20- Andrade-Lima, D. d. (1964a). Contribui^ao a dinamica da flora do
Brasil. Arquivos do Instituto de Ciencias da Terra, Recife, 2, 15­
20.
21- Andrade-Lima, D. d. (1964b). Esbo?o fitoecoldgico de alguns "brejos"
de Pernambuco. Boletim Tecnico do Instituto de Pesquisas 
Agrondmicas de Pernambuco. Nova Ser,, Recife. 8, 3-10.
22- Andrade-Lima, D. d. (1964c). Notas para la fitogeografia de Mossoro,
Grossos e Areia Branca. Anais da Associacao dos Gedgrafos 
Brasileiros. 13, 29-48.
23- Andrade-Lima, D. d. (1966a). Vegetapao. Atlas Nacional do Brasil,
vol. 11:11. IBGE. Conselho Nacional de Geografia, Rio de Janeiro.
24- Andrade-Lima, D. d. (1966b). Cactaceae de Pernambuco (Cactaceous
plants of Pernambuco). Anais do IX Congr, Intern, de Pastagens, 
Sao Paulo, pp. 1453-1458.
25- Andrade-Lima, D. d. (1966c). Contribui$ao ao estudo do paralelismo
da flora amazonico-nordestina. Boletim Tecnico do Instituto de
Chaco - Caatingas floristic links 247
References
«»■ - '■ J 4m ■"■•A ..J-v
Pesauisas Agrondmicas de Pernambuco, Nova Ser., Recife. 19, 3­
30.
26- Andrade-Lima, D. d. (1967a). Bromeliaceae de Pernambuco. Anais do
XV Congresso Nacional de Botanica. Porto Alegre, 1964 (ed. by 
Sociedade Botanica do Brasil), pp. 161-166.
27- Andrade-Lima, D. d. (1967b). Estudo critico da nomenclatura
fitogeografica latino-americana. Anais do XV Congresso 
Nacional de Botanica, Porto Alegre, 1964 (ed. by Sociedade 
Botanica do Brasil), pp. 211-219.
28- Andrade-Lima, D. d. (1970). Recursos vegetais de Pernambuco.
Cadernos do Conselho de Desenvolvimento de Pernambuco, Serie 
1 - Agricultura, 1, 43-54.
29- Andrade-Lima, D. d. (1971). Vegetagao da area Jaguaquara-
Maracas, Bahia. Ciencia e Cultura, Sao Paulo, 23, 317-319.
30- Andrade-Lima, D. d. (1973). Tra^os gerais da fitogeografia do Agreste
do Pernambuco. Anais do XXIII Congresso Nacional de Botanica, 
Garanhuns, 1972 (ed. by Sociedade Botanica do Brasil), pp. 185­
188.
31- Andrade-Lima, D. d. (1975). Vegetation of the Rio Grande Basin,
Bahia, Brazil. Preliminary note. Revista Brasileira de Biologia, 
35, 223-232.
32- Andrade-Lima, D. d. (1977). A flora de areas erodidas de Calcario
Bambui, em Bom Jesus da Lapa, Bahia. Revista Brasileira de 
Biologia, 37,179-194.
33- Andrade-Lima, D. d. (1978). As formates vegetais da bacia do
Parnafba. Bacia do Parnaiba: aspectos fisiograficos (ed. by R. C. 
Lins), pp. 123-135. Instituto J. Nabuco de Pesquisas Sociais, 
Recife.
34- Andrade-Lima, D. d. (1981). The Caatingas dominium. Revista
brasileira de Botanica, 4, 149-163.
35- Andrade-Lima, D. d. (1982). Present-day forest refuges in
northeastern Brazil. Biological diversification in the tropics (ed. 
by G. T. Prance), pp. 245-251. Columbia University Press, New 
York.
36- Andrade-Lima, D. d. (1989). Plantas das Caatingas. Academia
Brasileira de Ciencias, Rio de Janeiro.
37- Anonymous. (1980). La vegetation. Geographie et ecologie de, la
Paraiba (Bresil) pp. 107-149. CNPq-UFP-Centro d'Etudes de
Chaco - Caatingas floristic links 248
References
. ... iX-A
T • .-5-^ . ■• s. ..^ ,v« '. >' ’♦ 1 ’ ,,•?-<•■ I ; •, A. , .?> , .rrT„- -A. - ,. . .. ■ . .. . .- .■
Chaco - Caatingas floristic links 249
Geographie Tropicale, Travaux et Documents de geographic 
tropicale, N° 41.
38- Arenas, P., & Giberti, G. C. (1987a). Datos etnobotdnicos y
morfoldgicos de Marsdenia castillonii Lillo ex Meyer 
(Asclepiadaceae), planta comestible del Gran Chaco. Candollea, 
42,147-158.
39- Arenas, P., & Giberti, G. C. (1987b). The ethnobotany of Odontocarya
asarifolia Barneby (Menispermaceae), an edible plant from the 
Chaco. Economic Botany. 41, 361-369.
40- Aristeguieta, L. (1968). El bosque caducifolio seco de los Llanos Altos
Centrales. Boletin de la Sociedad Venezolana de Ciencias 
Naturales. 27, 395-438.
41- Bacigalupo, N. M. (1988). NotulaeT$d Floram paraquaiensem, N2 14:
Amphipetalum N.M. Bacigalupo, gen. nov. Candollea, 43, 409­
415.
42- Backeberg, C. (1977). Cactus Lexicon. Blandford Press (English
translation), Poole, Dorset.
43- Badillo, V. M. (1971). Monograffa de la familia Caricaceae.
Asociacion de Profesores de la Universidad Central (Venezuela), 
Maracay.
44- Baehni, C. (1937). Les Celtis Sud-Am6ricains. Candollea. 7, 189-214.
45- Barkley, F. A (1957). A study of Schinus L. Lilloa. 28, 5-110.
46- Barkley, F. A (1962a). Anacardiaceae, Rhoideae: Loxopterygium.
Llovclia, 25,109-122.
47- Barkley, F. A. (1962b). Anacardiaceae, Rhoideae: Lithraea.
Phytol ogia, 8, 329-365.
48- Barkley, F. A (1968). Anacardiaceae, Rhoideae: Astronium.
Phvtologia. 16, 107-152.
49- Barneby, R. C. (1985). The genus Mimosa (Mimosaceae) in Bahia,
Brazil: new taxa and nomenclatural adjustments. Brittonia. 37, 
125-153.
50- Barringer, K. (1985). Revision of the genus Basistemon
(Scrophulariaceae). Systematic Botany. 10, 125-133.
51- Bautista, H. P. (1986). Especies arboreas da caatinga: sua
importancia economica. Anais do Simposio sobre caatinga e sua 
exploracao racional. Feira de Santana, BA, 1984, pp. 117-140.
References
Chaco - Caatingas floristic links 250
52- Bautista, H. P. (1986-87). Pectis L. (Compositae, Tageteae}. Especies
ocorrentes no Brasil. Arquivos do Jardim Botanico do Rio de 
Janeiro. 28, 5-107.
53- Beard, J. S. (1944). Climax vegetation in tropical America. Ecology,
25,127-158.
54- Beard, J. S. (1953). The savanna vegetation of northern tropical
America. Ecological Monographs. 23, 149-245.
55- Beard, J. S. (1955). The classification of tropical American vegetation-
types. Ecology, 36, 89-100.
56- Beck, S. G. (1984). Comunidades vegetales de las sabanas
inundadizas en el NE de Bolivia. Phvtoccenologia. 12, 321-350.
57- Beek, K. J., & Bramao, D. L. (1968). Nature and geography of South
American soils. Biogeogranhv and Ecology in South America (ed. 
by E. J. Fittkau, J. lilies, H. Klinge, G. H. Schwabe & H. Sioli), pp.
82-112. W. Junk, The Hague.
58- Begue, L. (1967). Chronique phytogeographique. Les Catingas du
Bresil. Bois et Forets des Tropiques. 116, 53-61.
59- Begue, L. (1968). Chronique phytogeographique. Les Catingas du
Bresil. Bois et Forets des Tropiques. 120, 66-75.
60- Bernardello, L. M. (1986). Revision taxonomica de las especies
sudamericanas de Lycium (Solanaceae). Boletin de la Academia 
National de Ciencias de Cordoba. 57, 173-356.
61- Bezerra, P., & Fernandes, A. (1985). Marmeleiros do Nordeste
(generoCro^on). Anais do XXXIII Congr. Nac. de Botanica. 
Maceio, 1982 (ed. by Sotiedade Botanica do Brasil), pp. 145-156. 
EMBRAPA, Brasilia.
62- Bigarella, J. J., Andrade-Lima, D. d., & Riehs, P. J. (1975).
Considera^oes a respeito das mudan^as paleoambientais na 
distribuifao de algumas especies vegetais e animais no Brasil. 
Anais da Academia Brasileira de Ciencias. 47, 411-464.
63- Blair, W. F. (1976). Adaptation of Anurans to equivalent desert scrub
of North and South America. Evolution of Desert Biota (ed. by D. S. 
Goodall), pp. 197-222. University of Texas Press, Austin.
64- Boelcke, O. (1981). Plantas vasculares de la Argentina, nativas v
exdticas. FECIC, Fundacion para la Education, la Ciencia y la 
Cultura, Buenos Aires.
References
Chaco - Caatingas floristic links 251
65- Boletta, P. E. (1988). Clima. Desmonte y habilitacidn de tierras en la
region chaauena semidrida (ed. by R. R. Casas), pp. 7-2.1. Oficina 
Regional de la FAO para America Latina y el Caribe, Santiago.
66- Bonfils, C. G. (1970). Los recursos edaficos. Boletm de la Sociedad
Argentina de Botanica, ll(SuppL), 103-110.
67- Bordon, A. O. (1988). Forrajeras naturales. Desmonte v habilitacion
de tierras en la region chaauena semiarida (ed. by R. R. Casas), 
pp. 56-84. Oficina Regional de la FAO para America Latina y el 
Caribe, Santiago.
68- Botta, S. M. (1979). Las especies argentinas del genero Aloysia
(Verbenaceae). Darwiniana, 22, 67-108.
69- Box, E. O. (1986). Some climatic relationships of the vegetation of
Argentina, in global perspective. Veroff, Geobot. Inst, ETH, 
Stiftung Rubel, Zurich. 91, 181-216.
70- Braun, O. (1956). Clasificacion de los bosques de Bolivia. Boletm
Forestal, La Paz. 1, 73-78.
71- Braun, P. J., & Esteves P., E. (1987). Revision der Gattung Facheiroa
Britton & Rose (Cactaceae). Kakt, And. Snkk,. 38, 26-33,82-85,184­
187.
72- Braun-Blanquet, J. (1919). Essai sur les notions d'element et de
territoire phytogeographique. Arch. Sci. Phys. Nat., 5e per.. 1, 
497-512.
73- Bravo, L. D. (1978). El genero Cassia en la Argentina, I. Serie
Aphyllae. Darwiniana. 21, 343-399.
74- Bravo, L. D. (1981). El genero Cassia en la Argentina, III. Serie
Pachycarpae. Darwiniana. 23, 257-277.
75- Brenan, J. P. M. (1955). Notes on Mimosoideae: I. Kew Bulletin. 2,
161-192.
76- Britton, N. L., & Rose, J. N. (1919-22). The Cactaceae, Descriptions
and illustrations &f plants of the Cactus family. I-IV. Carnegie 
Institution of Washington, Washington.
77- Brown, A. D., Chalukian, S. C., & Malmierca, L. M. (1985). Estudio
florfstico-estructural de un sector de selva semidecidua del 
noroeste argentino. I. Composicidn floristica, densidad y 
diversidad. Darwiniana. 26, 27-41.
78- Brown, K. S., & Ab* Saber, A. N. (1979). Ice-age forest refuges and
evolution in the neotropics: correlation of paleoclimatological,
References
•• *, .
geomorphological and pedological data with modern biological 
endemism. Paleoclimas, Sao Paulo, 5, 1-30.
79- Bucher, E. H. (1980). Ecologfa de la fauna chaquena. Una revision.
Ecosur. 7, 111-159.
80- Bucher, E. H. (1982a). Chaco and Caatinga. South American arid
savannas, woodlands and thickets. Ecology of Tropical Savannas 
(ed. by B. J. Huntley & B. H. Walker), pp. 48-79. Springer Verlag, 
Berlin, etc.
81- Bucher, E. H. (1982b). Colonial breeding of the eared dove (Zenaida
auriculata) in northeastern Brazil. Biotropica. 14, 255-261.
82- Burgos, J. J., & Vidal, A. L. (1951). The climates of the Argentine
republic according to the new Thornthwaite classification. 
Annals of the Association £)f American Geographers. 41, 237-263.
83- Burkart, A. (1949). La posicidn sistematica del "chanar” y las
especies del genero Geoffroea (Leguminosae - Dalbergieae). 
Darwiniana. 9, 9-23.
84- Burkart, A. (1952). Las Leguminosas Argentinas Silvestres v
Cultivadas. 2nd ed. ACME Agency S.R.L., Buenos Aires.
85- Burkart, A. (1957a). Ojeada sinoptica sobre la vegetation del Delta del
rfo Parana. Darwiniana. 11. 457-561.-----------------’ ’ .... *
86- Burkart, A. (1957b). Leguminosas nuevas o crfticas, V.
Lophocarpinia, nuevo genero de Csesalpinioideas argentinas. 
Darwiniana. 11, 256-261.
87- Burkart, A. (1969). Leguminosas nuevas o crfticas, VII.
Darwiniana. 15, 501-549.
88- Burkart, A. (1976). A monograph of the genus Prosopis
(Leguminosae, subfam. Mimosoideae). Journal of the Arnold 
Arboretum. 57, 217-249, 450-525.
89- Buxbaum, F. (1959). Gattung Espostoa. Die Kakteen (ed. by H.
Krainz), pp. CVa-3Bl.
90- Buxbaum, F. (1969). Die Entwicklungswege der Kakteen in
Sudamerika. Biogeogranhv and Ecology in South America (ed. by 
E. J. Fittkau, J. lilies, H. Klinge, G. H. Schwabe & H. Sioli), pp. 
583-623. W. Junk, The Hague.
91- Cabido, M., & Acosta, A. (1986). Contribution al conocimiento
fitosocioldgico del sub-piso superior de pastizales y bosquecillos de 
altura de las Sierras de Cordoba. Veroff, Geobot, Inst. ETH, 
Stifbung Rubel, Zurich. 91, 118-140.
Chaco - Caatingas floristic links 252
References
■4- t‘ i- >• ' -L
Chaco - Caatingas floristic links 253
92- Cabot, J., Serrano, P., Ibanez, C., & Braza, F. (1986). Lista
preliminar de aves y mamfferos de la reserva "Estacion Bioldgica 
del Beni”. Ecologfa en Bolivia. 8, 37-44.
93- Cabrera, A. L. (1953). Esquema fitogeogrdfico de la Republica
Argentina. Re vista del Museo de Ciencias Naturales de La Plata 
(Nueva Serie), Botanica. 8, 87-168.
94- Cabrera, A. L. (1959). Revision del genero Dasyphyllum
(Compositae). Revista del Museo de Ciencias Naturales de La 
Plata (Nueva Serie), Botdnica. 9, 21-100.
95- Cabrera, A. L. (1970). La vegetacidn del Paraguay en el cuadro
fitogeografico de America del Sur. Boletfn de la Sociedad 
Argentina de Botanica. ll(Suppl.), 121-131.
96- Cabrera, A. L. (1971). Fitogeografia de la Republica Argentina.
Boletfn de la Sociedad Argentina de Botanica. 14, 1-42.
97- Cabrera, A. L. (1976). Regiones Fitogeogrdficas Argentinas. 2nd ed.
Enciclopedia Argentina de Agricultura y Jardineria. ACME 
S.A.C.I., Buenos Aires.
98- Cabrera, A. L., & Willink, A. (1980). Biogeografta de America Latina.
2nd ed. Serie de Biologia. Secretarfa General de la Organization 
de los Estados Americanos, Washington, DC.
99- Cailleux, A., & Tricart, J. (1959). Zonas fitogeograficas e
morfoclimaticas do quaternario no Brasil. N o t f c i a 
Geomorfologica. Campinas, 2, 12-17.
100- Cain, S. A., & Castro, G. M. d. O. (1959). Manual of vegetation
analysis. Harper & Bro., New York.
101- Camano, J. (1955, orig. 1778). Noticia del Gran Chaco. Joaquin
Camano S.J, v su "Noticia del Gran Chaco”. 1778 (ed. by G. 
Furlong), pp. 109-137. Librerfa del Plata, Buenos Aires.
102- Capurro, R. H. (1961). Un nuevo genero de Bombacaceae. Boletfn de
la Sociedad Argentina de Botanica. 9, 319-324.
103- Carauta, J. P. P. (1971). Notas sobre o genero Phyllostylon Cap.
Revista Brasileira de Biologia. 31, 513-518.
104- Cardenas, M. (1945). Aspecto general de la vegetation de Bolivia. 
- - Recursos naturales del reino vegetal en Bolivia. Plants and Plant
Science in Latin America (ed. by F. Verdoorn), pp. 312-315. 
Waltham, Mass.,USA.
105- Carvalho, A. M. V. d. (1989). Systematic studies of the genus
Dalbergia L.f. in Brazil. Ph.D. thesis, University of Reading.
References
Chaco - Caatingas floristic links 254
106- Carvalho, V. C. (1986). Structure dvnamique d£ la v6g£tation £n
milieu tropical semi-aride; la Quutingu da Quixabd (Pernambouc,
Bresil), du terrain a I1 analyse des donn^es MSS/Landsat. Ph.D. 
thesis, Universidade de Tolouse II - Le Mirail.
107- Carvalho-Okano, R. M. d., & Leitao-Filho, H. d. F. (1985). Revisao
taxonomica do genero Calopogonium Desv. (Leguminosae, 
Lotoideae) no Brasil. Revista brasileira de Botanica. 8, 31-45.
108- Castellanos, A. (1952). El genero Quiabentia (Cactaceae). Lilloa, 25,
595-604.
109- Castellanos, A. (1958). Observaciones sobre la vegetacion del
occidente de Formosa. Boletin de la Academia Nacional de 
Ciencias de Cordoba. 40, 229-263.
110- Castellanos, A. (1960). Introducao a Geobotanica. Revista Brasileira
de Geografia. 22, 585-617.
111- Castellanos, A. (1968). Desnlazamientos naturales, en abanico, del
rio Salado del Norte en la llanura Chaco-Santiaguena- 
Santafesina. Edited by P. Pasotti. Publicaciones del Instituto de 
Fisiografia y Geologia, N9 52. Facultad de Ciencias, Ingenieria y 
Arquitectura, Universidad Nacional del Litoral, Rosario.
112- Castellanos, A., & Lelong, H. V. (1944). Una nueva especie de
Opuntia. Lilloa. 10, 395-402.
113- Castellanos, A., & Perez-Moreau, R. A. (1944). Los tipos de
vegetacion de la Republica Argentina. Monografias del Instituto 
de Estudios Geograficos, Tucuman, 4, 1-154, 30 pi., 1 map.
114- Castro, A. A. J. F., Del’Arco, M. R., & Fernandes, A. (1982).
Leguminosas do Estado do Piaui. Anais do XXXII Congresso 
Nacional de Botanica. Teresina, 1981 (ed. by Sociedade Botanica do 
Brasil), pp. 27-37. Universidade Federal do Piaui.
115- Cavassan, O., Cesar, O., & Martins, F. R. (1984). Fitossociologia da
vegetacao arborea da reserva estadual de Bauru, estado de Sao 
Paulo. Revista brasileira de Botanica. 7, 91-106.
116- Chodat, R., & Vischer, W. (1977, orig. 1916). La vegetation du
Paraguay. J. Cramer, Vaduz.
117- Cialdella, A. M. (1984). El genero Acacia (Leguminosae) en la
Argentina. Darwiniana. 25, 59-111.
118- Cobo, B. (1964, orig. 1653). Historia del Nuevo Mundo. Edited by F.
Mateos. Biblioteca de Autores Espanoles, T. 91. Ediciones Atlas, 
Madrid.
References
-"s' ->' "'i' ;•! -A
Chaco - Caatingas floristic links 255
119- Cocucci, A. E. (1958). El genero Ruprechtia (Polygonaceae) en
Argentina, Paraguay y Uruguay. Trabaios del Museo Botrinico, 
&2rdoha, 2, 559-618.
120- Cocucci, A. E. (1961). Revision del genero Ruprechtia
(Polygonaceae). Kurtziana. 1, 217-269.
121- Coelho, A. G. M. (1978). Lista de algumas especies de aves do
nordeste do Brasil. Notulae Biologicae, Recife (PE). 1, 2-7.
122- Cole, M. M. (1960). Cerrado, caatinga and pantanal: the distribution
and origin of the savanna vegetation of Brazil. Geographical 
Journal (London). 126, 168-179.
123- Conover, B. (1950). A study of the spotted tinamous, genus Nothura.
Fieldiana (Zoology). 31, 339-362.
124- Coro, M. (1956). Distrito forestal de Yacuiba. Description de su area
correspondiente a clima, suelo y vegetation. Boletin Forestal, La 
Paz, 1, 53-72.
125- Correa Luna, H. (1955). Reserva National Finca El Rey, su valor
como representante de una importante region fitogeografica. 
Natura. 1, 113-120.
126- Cory, C. B., & Hellmayr, C. E. (1924). Catalogue of Birds of the
Americas and the adjacent islands. Part III: Pteroptochidae - 
Conopaphagidae - Formicariidae. Field Museum of Natural 
History Publications, Zoology Series. 13, 1-369.
127- Cowan, R. S. (1968). Swartzia (Leguminosae, Caesalpinioideae,
Swartzieae). Edited by B. Maguire. Flora Neotropica Monographs 
N2 1. Hafner Press, for the Organization for Flora Neotropica, 
New York.
128- Cristobal, C. L. (1960). Revision del genero Ayenia (Sterculiaceae).
Opera Lilloana, 4, 1-230, 78 pi.
129- Cristobal, C. L. (1976). Estudio taxonrimico del genero Byttneria
Loefling (Sterculiaceae). Bonplandia, 4, 3-428.
130- Cunha, M. C. S. (1985). Revisao das esp6cies do genero Luehea
Willd. (Tiliaceae), ocorrentes no Estado do Rio de Janeiro. 
Sellowia. 37, 5-41.
131- D'Angelo, C. H., Prado, D. E., Stofella, S. L., & Lewis, J. P. (1987).
The vegetation of the surroundings of San Cristobal, Santa Fe 
(Argentina). Phvtoccenologia. 15, 329-352.
References
Chaco - Caatingas floristic links 256
132- Dahlgren, B. E., & Glassman, S. F. (1961). A revision of the genus
Copernicia . I. South American species. Gentes Herbarum. 9, 1­
40.
133- Damuth, J. E., & Fairbridge, R. W. (1970). Equatorial Atlantic deep-
sea arkosic sands and Ice-Age aridity in tropical South America. 
Geological Society of America Bulletin. 81, 189-206.
134- Devoto, F. E., & Rothkugel, M. (1942). Indice de la Flora Lehosa
Argentina. Publicacion Misceldnea N9 140. Ministerio de 
Agricultura de la Republica Argentina. Direction de Propaganda 
y Publicaciones, Buenos Aires.
135- Digilio, A. P. L. (1974). Las Achatocarpaceas chaquenas. Notas
preliminares para la Flora Chaquena (INTA). 6, 26-28.
136- Digilio, A. P. L., & Legname, P. R. (1966). Los arboles indfgenas de
la provincia de Tucuman. Opera Lilloana. 15, xxvii,l-42, 107 
descr.
137- Drude, O. (1913). Die Okologie der Pflanzen. Friedr. Vieweg & Sohn,
Braunschweig.
138- Ducke, A. (1910). Explorafoes botanicas e entomologicas no Estado
do Ceara. Revista Trimensual do Instituto do Ceara. 24, 3-67.
139- Ducke, A. (1953). As Leguminosas de Pernambuco e Paraiba.
Memorias do Instituto Oswaldo Cruz. 51, 417-461.
140- Ducke, A. (1959). Estudos botanicos no Ceara. Anais da Academia
Brasileira de Ciencias. 31, 211-308.
141- Duellman, W. E. (1979). The South American herpetofauna: a
panoramic view. The South American herpetofauna: its origin, 
evolution and dispersal (ed. by W. E. Duellman), pp. 1-28. 
University of Kansas, Museum of Natural History, Kansas City.
142- Dugand, A. (1970). Observaciones botdnicas y geobotanicas en la
costa colombiana del Caribe. Revista de la Academia Colombiana 
de Ciencias, 13, 415-465.
143- Durland, W. D. (1924). The quebracho region of Argentina.
Geographical Review. 14, 227-241.
144- Dwyer, J. D. (1951). The Central American, West Indian and South
American species of Copaifera (Caesalpiniaceae). Brittonia, 7, 
143-172.
145- Egler, W. A. (1951). Contribui?ao ao estudo da caatinga
pernambucana. Revista Brasileira de Geografia, 13, 577-590.
References
Chaco - Caatingas floristic links 257
146- Eiten, G. (1965). Informafoes preliminares sobre a vegetacao da
"Ilha de Balsas" no sudeste do Maranhao. Anais do XIV 
Congresso Nacional de Botanica. 1963 (ed. by Sociedade Botanica 
do Brasil), pp. 351-360.
147- Eiten, G. (1972). The cerrado vegetation of Brazil. The Botanical
Review. 38, 201-341.
148- Eiten, G. (1974). An outline of the vegetation of South America.
Svmp, 5& Cong. Intern. Primat. Soc,. Nagoya, Japan, pp. 529-545.
149- Eiten, G. (1983). Classificacao da Vegetacao do Brasil. Edited by
Coordenafao Editorial do Conselho Nacional de Desenvolvimento 
Cientifico e Tecnologico. Brasilia.
150- Elisetch, M. G. (1973). Las Santalaceas chaquenas. Notas
preliminares para la Flora Chaquena (INTA), 5, 1-7.
151- Ellenberg, H. (1981). Desarrollar sin destruir: resnuestas de un
ecologo a 15 preguntas de agronomos y nlanificadores bolivianos. 
1st ed. Instituto de Ecologfa, UMSA, La Paz, and Centro 
Pedagogico y Cultural de Portales, Cochabamba, La Paz.
152- Ellenberg, H., & Mueller-Dombois, D. (1967). Tentative
physiognomic - ecological classification of plant formations of the 
earth. Bericht des Geobotanischen Instituts der ETH, Stiftung 
Rfibel in Zurich. 37, 21-55.
153- Emperaire, L. (1983). La caatinga du Sud-est du Piaui, Bresil, Etude
ethnobotanique. Editions Recherche sur les civilisations. 
Memoire n° 21, Paris.
154- Emperaire, L. (1985). V6g6tation de l'Etat du Piauf (Brasil). Compte
Rendu des Seances de la Societe de Biogeographie. 60, 151-163.
155- Escalante, M. G. (1946). Las Ramnaceas argentinas. Boletin de la
Sociedad Argentina de Botanica. 1, 209-231.
156- Escalante, M. G. (1961). El genero Fagara en la Argentina. Boletin
de la Sociedad Argentina de Botanica. 9, 291-317.
157- Eskuche, U. (1986). Bericht fiber die 17-Internationale Pflanzen-
geographische Exkursion durch Nordargentinien (1983). Veroff. 
Geobot, Inst. ETH. Stiftung Rfibel. Zurich. 91, 12-117.
158- Espino, L. M., Seveso, M. A., & Sabatier, M. A. (1983). Mapa de
Suelos de la Provincia de Santa Fe. MAG Santa Ee-INTA EERA 
Rafaela, Rafaela.
159- Esser, G. (1982). Vegetationsgliederung und Kakteenvegetation von
Paraguay. Edited by W. Rauh. Tropische und subtropische
References
• r, ... j . •-. , ... v .... .. ? v <. s .r-A; ■ : J : C J; *
Chaco - Caatingas floristic links 258
Pflanzenwelt N° 38. Akademie der Wissenschaften und der 
Literatur, Mainz. Mathematisch-Naturwissenschaftliche Klasse, 
Wiesbaden.
160- Esser, G. (1984). Natiirliche und anthropogen beeinflusste
Vegetation in Paraguay. Phvtocoenologia, 12, 305-320.
161- Esteves P., E. (1989). Tacinga braunii Esteves. Eine neue Art aus
dem nordostlichen Minas Gerais, Brasilien. Kakt. And, Sukk., 
40,134-135.
162- Exell, A. W. (1940). The Combretaceae of Argentina. Lilloa. 5, 123­
130.
163- Exell, A. W. (1953). The Combretum species of the New World.
Journal of the Linnean Society, 55,103-141.
164- Fabris, H. A. (1965). Flora Argentina. Bignoniaceae. Revista del
Museo de Ciencias Naturales de La Plata (Nueva Serie), Botanica,
9, 273-419.
165- Farina Sanchez, T. (1973). The climate of Paraguay. Paraguay:
ecological essays (ed. by J. R. Gorham), pp. 33-38. Academy of the 
Arts and Sciences of the Americas, Miami.
166- Fernandes, A. (1989). Por que o sabid? 2nd Circular, XLI Congresso
Nac, de Botanica. Fortaleza, 1990 (ed. by A. Fernandes), p. 1. 
Imprensa Universi-taria da Universidade Federal do Ceara.
167- Fernandez Casas, J. (1984). Notulae ad Floram paraquaiensem, N9
1-2. Candollea, 39, 5-11.
168- Ferri, M. G. (1980). Vegetacao Brasileira. Edited by M. G. Ferri.
Reconquista do Brasil, nova serie. Editora Itatiaia - Editora da 
Universidade de Sao Paulo, Belo Horizonte - Sao Paulo.
169- Fiebrig, C. (1933). Ensayo fitogeografico sobre el Chaco Boreal.
Revista del Jar dm Botanico y. Museo de Historia Natural del 
Paraguay, 3, 1-87.
170- Figueiredo Gomes, M. A. (1981). Padroes de caatinga nos Cariris
Velhos, Paraiba. CNPq, Fortaleza. M. Sc. thesis, Univ. Fed. Rural 
Pernambuco.
171- Figueiredo, M. A. (1983). A regiao das. Inhamuns - CE, n& dominio
das caatingas. Cole^ao Mossoroense, N°411. Escola Superior„de 
Agricultura de Mossord, Fundafao Guimaraes Duque, Mossord, 
RN.
172- Figueiredo, M. A. (1984). Vegetacao. Delimitacao £ regionalizacao da
Brasil semi-drido, Estado da Ceara, Relatorio final (consolidacao
References
259
dos relatorios parciais) CNPq-FCPC-UFC-SUDENE, Fortaleza, 
pp. 89-108.
173- Figueiredo, M. A. (1987). A microrregiao salineira norte-
riograndense no dominio das Caatingas. Cole^ao MoSsoroense, 
N° 353. Escola Superior de Agricultura de Mossoro, Funda^ao 
Guimaraes Duque, Mossoro, RN.
174- Figueiredo, M. A, & Fernandes, A. (1985). Cobertura vegetal do
Sertao dos Inhamuns, Ceara. Anais do XXXIII Congr. Nac, de 
Botanica. Maceio, 1982 (ed. by Sociedade Botanica do Brasil), pp. 
103-108. EMBRAPA, Brasilia. .
175- Fitzpatrick, J. W. (1980). Some aspects of speciation in South
American flycatchers. Acta XVII Congr. Int. Ornithol., Berlin, 
1979 (ed. by Nohring, R.), pp. 1273-1279. Deutsche Ornithologien- 
Gesellschaft.
176- Fock, N. (1961). Inca imperialism in north-west Argentina, and
Chaco burial forms. Folk, 3, 67-90.
177- Fortunato, R. H. (1984). Nota critica sobre Bauhinia mollis (Bong.)
D.Dietr. (Caesalpinioideae - Leguminosae). Parodiana. 3, 43-52.
178- Fortunato, R. H. (1986). Revision del genero Bauhinia (Cercidae,
Caesalpinioideae, Fabaceae) para la Argentina. Darwiniana. 27, 
527-557.
179- Fortunato, R. H. (1988). Jatropha chacoana (Crotonoideae-
Euphorbiaceae), una nueva cita para la Argentina. Boletfn de la 
Sociedad Argentina de Botdnica. 25, 327-331.
180- Fotius, G. A, & Sa, I. B. (1985). Esboco da vegetacao da bacia
hidrografica do Sipauba, Bodoco. PE. Edited, by E. G. Moreira. 
Documentos Ne29. EMBRAPA-CP ATS A, Petrolina, PE.
181- Franceschi, E. A, & Lewis, J. P. (1979). Notas sobre la vegetation
del valle santafesino del Rio Parand (Republica Argentina). 
Ecosur. 6, 55-82.
182- Franceschi, E. A, Prado, D. E., & Lewis, J. P. (1985). Comunidades
vegetales y. mana de vegetation de la reserva El Rico £ islas 
aledanas (Santa Fe). National University of Rosario, Rosario.
183- Frenguelli, J., & Cabrera, A L. (1938). Relation sumaria de un viaje
en las zonas petroliferas de la region boscosa Salto-Jujeha. 
Revista del Museo de Ciencias Naturales La Plata, Section 
Ofitial 1937.63-83.
Chaco - Caatingas floristic links
References
.7;.
Chaco - Caatingas floristic links 260
184- Furley, P. A., & Ratter, J. A. (1988). Soil resources and plant
communities of the central Brazilian cerrado and their 
development. Journal of Biogeography. 15, 97-108.
185- Gallardo, J. M. (1979). Composition, distribution y origen de la
herpetofauna chaquena. The South American herpetofauna: its 
origin, evolution and dispersal (ed. by W. E. Duellman), pp. 299­
307. University of Kansas, Museum of Natural History, Kansas 
City.
186- Galmarini, A., & Raffo del Campo, J. (1964). Rasgos fundamentales
que caracterizan gl clima de la regidn chaquena. Consejo 
National de Desarrollo, Publ. N° 9, Buenos Aires.
187- Galvao, R. (1955). Introdu?ao ao conhecimento da area maranhense
abrangida pelo piano de valoriza^ao economica da Amazonia. 
Revista Brasileira de Geografta. 17, 239-299.
188- Gentry, A. (1976). Studies in Bignoniaceae XIX. Generic merges and
new species of South American Bignoniaceae. Annals of the 
Missouri Botanical Garden, 63, 46-80.
189- Gentry, A. H. (1979). Distribution patterns of neotropical
Bignoniaceae: some phytogeographic implications. Tropical 
Botany (ed. by K. Larsen & L. B. Holm-Nielsen), pp. 339-354. 
Academic Press, London, etc.
190- Gentry, A. H. (1982). Phytogeographic patterns in northwest South
America and southern Central America as evidence for a Choco 
refugium. Biological diversification in the tropics (ed. by G. T. 
Prance), pp. 112-136. Columbia University Press, New York.
191- Gentry, A. H. (1983). Dispersal and distribution in Bignoniaceae.
' Sonderbd, naturwiss. Ver.' Hamburg. 7, 187-199.
192- Gentry, A. H. (1990). Sphingiphila (Bignoniaceae), a new genus
from the Paraguayan Chaco. Systematic Botany, 15, 277-279.
193- Gibbs, P. E., & Taroda, N. (1983). Heterostyly in the Cordia alliodora-
C. trichotoma complex in Brazil. Revista brasileira de Botanica, 6, 
1-10.
194- Gillet, J. B. (1979). Commiphora (Burseraceae) in South America
and its relationship to Bursera. Kew Bulletin. 34, 569-587.
195- Glassman, S. F. (1987). Revisions fif palm genus Syagrus Mart.
and other selected genera in the Cocos alliance. Edited by M. R, 
Lee et al. Illinois Biological Monographs, N° 56. University of 
Illinois Press, Urbana and Chicago.
References
Chaco - Caatingas floristic links 261
196- Goldberg, A. (1967). The genus Melochia L. (Sterculiaceae).
Contributions of the United States National Herbarium. 34, 191­
363.
197- Gomez, S. (1953). Caparidaceas Argentinas. Lilloa. 26, 279-341.
198- Grey-Wilson, C. (1978). Alvimiantha , a new genus of Rhamnaeeae
from Bahia, Brazil. Bradea. 11, 287-290.
199- Groeber, P. (1958). Bosquejo geologico y climatoldgico de Formosa.
Boletm de la Academia Nacional de Ciencias de Cordoba, 40, 265­
285.
200- Guedes, It It (1985). Lista preliminar das angiospermas ocorrentes
no Raso da Catarina e arredores, Bahia. Rodriguesia. 37, 5-8.
201- Guerra, I. L. T. (1955). Tipos de clima do Nordeste. Revista
Brasileira de Geografia. 17, 449-491.
202- Haase, It (1989). Plant communities of a savanna in northern
Bolivia. I. Seasonally flooded grassland and gallery forest. 
Phvtoccenologia. 18, 55-81.
203- Haase, R. (1990). Plant communities of a savanna in northern
Bolivia. II. Palm swamps, dry grassland, and shrubland. 
Phvtoccenologia. 18, 343-370.
204- Haase, R., & Beck, S. G. (1989). Structure and composition of
savanna vegetation in northern Bolivia: a preliminary report. 
Brittonia. 41, 80-100.
205- Haffer, J. (1985). Avian zoogeography of the Neotropical lowlands.
Ornithological Monographs. 36, 113-146.
206- Harley, R. M. (in press). Evolution and distribution of Eriope
(Labiatae), and its relatives, in Brazil. 31pp.
207- Harley, R. M. (unpubl.manusc.). Floristics of the "campos
rupestres" of Bahia. 19pp.
208- Harley, R. M., & Mayo, S. J. (1980). Towards a checklist of the flora
of Bahia: a progress report on the Kew-Cepec expeditions to 
Bahia, Brazil, in 1974 and 1977. Royal Botanic Gardens, Kew, 
1980.
209- Harling, G, (1979). The vegetation types of Ecuador. A brief survey.
Tropical Botany (ed. by K. Larsen & L. B. Holm-Nielsen), pp. 165­
174. Academic Press, London, etc.
210- Hauman, L. (1931). Equisse phytog^ographique de l'Argentine
subtropical et de ses relations avec la Geobotanique 
sudam^ricaine. Bull, Soc, Roy, Bot. Belgique. 64, 20-64.
References
Chaco - Caatingas floristic links 262
211- Hawkes, J. G., & Hjerting, J. P. (1969). The potatoes of Argentina,
Brazil, Uruguay and Paraguay, A biosystematic study. Annals of 
Botany Memoirs N° 3. Clarendon Press & Oxford University 
Press, Oxford.
212- Hayashi, I. (1988). Changing aspect of caatinga vegetation in
semiarid region, northeast Brazil. Latin American Studies, 
Ibaraki. 10, 61-76.
213- Hayashi, I., & Numata, M. (1976). Structure and succession of
caatinga vegetation in the Brazilian Northeast. Tokyo 
Geographical Papers. 20, 24-44.
214- Haynes, R. R., & Holm-Nielsen, L. B. (1989). Speciation of
Alismatidae in the Neotropics. Tropical forests, botanical 
dynamics, speciation and diversity (ed. by L. B. Holm-Nielsen & 
al.), pp. 211-219. Academic Press, London.
215- Hellmayr, C. E. (1929). A contribution to the ornithology of
northeastern Brazil. Field Museum of Natural History 
Publications, Zoology Series. 12, 235-501.
216- Heringer, E. P., Barroso, G. M., Rizzo, J. A., & Rizzini, C. T. (1977).
A flora do Cerrado. IV Simposio sobre o cerrado (ed. by M. G. 
Ferri), pp. 211-234. Editora USP, Sao Paulo.
217- Herzog, T. (1910). Pflanzenformationen Ost-Bolivias. Botanische
Jahrbuch, 44, 346-405.
218- Herzog, T. (1912). Formaciones vegetales del este de Bolivia. Boletfn
de la Sociedad Geografica de La Paz, 10, 159-190.
219- Hester, J. J. (1966). Late Pleistocene and early man in South
America. American Naturalist, 100, 377-388.
220- Hoc, P. S. (1981). El genero Pithecellobium en la Argentina.
Darwiniana. 23, 523-558.
221- Hochreutiner, B. P. G. (1923). La vegetation du Paraguay. Bull.
Instit. Nation. Geneve, 45, 1-49.
222- Hueck, K. (1954). Waldbaume und Waldtvpen aus NW-Argentinien.
Haller, Berlin.
223- Hueck, K. (1955). Bosques chaquenhos e extra?ao de tanino no
Brasil. Revista Brasileira de Geograffa. 17, 343-346.
224- Hueck, K. (1959). Bosques secos de la zona tropical y subtropical de la
America del Sur. Boletfn del Instituto Forestal Latino Americano 
de Investigaci6n y Capacitacidn, 4, 1-49.
References
Chaco - Caatingas floristic links 263
225- Hueck, K. (1972). As florestas da America do Sul, Ecologia,
composi^ao £. importancia econdmica. Translated by H. 
Reichardt. Universidade de Brasilia & Editora Poligono S.A., Sao 
Paulo.
226- Hueck, K., & Seibert, P. (1981). Vegetationskarte von Sudamerika.
2nd ed. Edited by H. Walter. Vegetationsmonographien der 
einzelnen GroBraume, Bd Ila. G. Fischer Verlag, Stuttgart.
227- Hunziker, A. T. (1973). El "cebil" (Anadenanthera colubrina
var.cebil) en la provincia de Cordoba. Kurtziana. 7, 265.
228- Hunziker, A. T. (1984a). Los generos de Fanerdgamas de Argentina.
Claves para su identification. Boletin de la Sociedad Argentina de 
Botanica. 23, vii+11-384.
229- Hunziker, A. T. (1984b). Estudios sobre Solanaceae: XIX. Sinopsis de
Vassobia. Kurtziana, 17, 91-118.
230- Hunziker, J. H. (1980). Evolution en Bulnesia : un enfoque
multidisciplinario. Actas IV Congreso Latinoamericano de 
Genetica. Vol, 2. pp. 313-324.
231- litis, H. H. (1959). Studies in the Capparidaceae-VI. Cleome sect.
Physostemon : taxonomy, geography and evolution. Brittonia. 11, 
123-162.
232- Irwin, H. S., & Bameby, R. C. (1982). The American Cassiinae : a
synoptical revision of Leguminosae tribe Cassieae subtribe 
Cassiinae in the New World. Memoirs of the New York Botanical 
Garden. 35, 1-918.
233- Jablonski, E. J. (1967). Synopsis of the South American Sapium.
Phvtologia. 14, 441-449.
234- Johnston, M. C. (1974). Revision of Scutia (Rhamnaceae). Bulletin of
the Torrey Botanical Club. 101, 64-72.
235- Kan ter, H. (1936). Der Gran Chaco und seine Randgebiete. Uni vers.
Abhandl. aus d. Gebiet der Auslankskv. Naturwiss. XII. 
Hamburg Universitat, Hamburg.
236- Keil, D. J., & Stuessy, T. F. (1981). Systematics of Isocarpha
(Compositae: Eupatorieae). Systematic Botany. 6, 258-287.
237- Kerr, . J. G. (1968). A naturalist in the Gran Chaco. Greenwood
Publ., New York.
238- Kiesling, R. (1975). Los gtiieros de Cactaceae de Argentina. Bole tin
de la Sociedad Argentina de Botanica, 16, 197-227.
References
-■.i'»»•> .
Chaco - Caatingas floristic links 264
239- Kiesling, R. (1978). El g6nero Trichocereus (Cactaceae). I: Las
especies de la Republica Argentina. Darwiniana. 21, 263-330.
240- Kiesling, R, (1984). Una nueva especie de Cleistocactus (Cactaceae).
Hickenia. 2, 37-40.
241- Klein, R. M. (1967). Aspectos predominantes da vegeta^ao sul-
brasileira. Anais do XV Congresso Nacional de Botanica. Porto 
Alegre, 1964 (ed. by Sociedade Botanica do Brasil), pp. 255-276.
242- Klein, R. M. (1972). Arvores nativas da floresta subtropical do Alto
Uruguai. Sellowia. 24, 9-62.
243- Klein, R, M. (1975). Southern Brazilian phytogeographic features
and probable influence of Upper Quaternary climatic changes in 
the floristic distribution. Boletim Paranaense de Geociencias. 33, 
67-88.
244- Koeppen, R., & litis, H. H. (1962). A revision of Martiodendron
(Cassieae, Caesalpiniaceae). Brittonia. 14, 191-209.
245- Koopman, K. F. (1981). The distributional patterns of New World
nectar-feeding bats. Annals of the Missouri Botanical Garden, 68, 
352-369.
246- Koopman, K. F. (1982). Biogeography of the bats of South America.
Mammalian biology in South America (ed. by M. A. Mares & H. 
H. Genoways), pp. 273-302. University of Pittsburgh, Linesville, 
PE.
247- Krapovickas, A., & Cristobal, C. L. (1962). Nota sobre la section
Lebretonia, Pavonia (Malvaceae) y revision de las especies 
argentinas. Lilloa. 31, 5-74.
248- Krukoff, B. A., & Bameby, R, A. (1974). Conspectus of species of the
genus Erythrina. Llovdia, 37, 332-459.
249- Kuhlmann, E. (1954). A vegeta^ao de Mato Grosso. Seus reflexos na
economia do estado. Revista Brasileira de Geograffa. 16, 77-122.
250- Kuhlmann, E. (1974). O domfnio da Caatinga. Boletim GeogrdficQ
(Rio de Janeiro). 33, 65-72.
251- Kuhlmann, E., & Correia, D. d. S. (1982). Nomenclatura
fitogeografica brasileira. Anais do XXXII Congresso National-de 
Botanica. Teresina, 1981 (ed. by Sociedade Botanica do Brasil), pp. 
97-108. Universidade Federal do Piaui.
252- Landrum, L. R. (1986). Campomanesia. Pimenta, Blepharocalyx,
Legrandia, Acca, Myrrhinium, and Luma (Mvrtaceae). Edited by
References
Chaco - Caatingas floristic links 265
B. Maguire. Flora Neotropica Monographs N9 45. Hafner Press, 
for the Organization for Flora Neotropica, New York.
253- Lavin, M. (1988). Svstematics of Coursetia (Leguminosae,
Papilionoideae). Edited by C. Anderson. Systematic Botany 
Monographs N2 21. The American Society of Plant Taxonomists, 
Ann Arbor.
254- Ledesma, L. L. (1973). Introduccidn al conocimiento de los suelos del
Chaco. 2nd ed. MAG Chaco-INTA EERA P.RS. Pena, Pres. R.S. 
Pena.
255- Lee, Y.-T., & Langenheim, J. H. (1975). Svstematics of the genus
Hymenaea L, (Leguminosae, Csesalpinioideae, Detarieae). 
University of California Publications in Botany, N° 69. University 
of California Press, Berkeley.
256- Legname, P. R. (1982). Arboles indigenas del noroeste argentino
(Salta, Jujuy, Tucuman, Santiago del Estero y Catamarca). Opera 
Lilloana, 34, 1-226.
257- Legrand, D. (1941). Lista preliminar de las Mirtaceas argentinas.
Darwiniana. 5, 463-486.
258- Leite, M. S. T. (1987). Q sul .Csar& £ aygg,. TJma, gQntribpigao
didactica. Monografia para Grado thesis, Universidade Federal 
do Ceara.
259- Leuenberger, B. E. (1979). Typen der Cactaceae in der
NaBpraparate-Sammlung des Berliner Herbars. Willdenowia. 8, 
625-635.
260- Leuenberger, B. E. (1986). Pereskia (Cactaceae). Memoirs of the New
York Botanical Garden. 41, 1-141.
261- Leuenbergfer, B. E. (1987). Was ist Cereus squamosus Guerke?
Kakt, And, Sukk.. 38, 60-63.
262- Lewis, G. P. (1987). Legumes of Bahia. Edited by M. J. E. Coode.
Royal Botanic Gardens, Kew, Whitstable, Kent.
263- Lewis, G. P., & Owen, P. E. (1989). Legumes of the Hha de Maraca.
Edited by M. J. E. Coode. Royal Botanic Gardens, Kew, 
Whitstable, Kent.
264- Lewis, J. P. (1981). La vegetacidn de la provincia de Santa Fe.
GAEA. 9, 121-148.
265- Lewis, J. P., & Collantes, M. B. (1973). El Espinal Periest6pico.
Ciencia e Investigacidn. 29, 360-377.
References
266
266- Lewis, J. P., Franceschi, E. A., & Prado, D. E. (1987). Effects of
extraordinary floods on tall grasslands of the River Parand valley. 
Phvtoccenologia. 15, 235-251.
267- Lewis, J. P., & Pire, E. F. (1981). Resena sobre la vegetacidn del
Chaco santafesino. Serie Fitogeogrdfica N° 18. Institute National 
de Tecnologia Agropecuaria, Buenos Aires.
268- Lewis, J. P., Pire, E. F., Prado, D. E., Stofella, S. L., Franceschi, E.
A., & Carnevale, N. J. (1990a). Plant communities and 
phytogeographical position of a large depression in the Great 
Chaco, Argentina. Vegetatio. 86, 25-38.
269- Lewis, J. P., Stofella, S. L., Franceschi, E. A., Prado, D. E., Pire, E.
F., & Carnevale, N. J. (1990b). Dynamics and development of 
floristic richness in the vegetation of a large depressed area of the 
Great Chaco. Flora. 184, 63-77.
270- Lillo, M. (1919). Resena fitogeografica de la provincia de Tucuman.
Primera Reunion National de la Sociedad Argentina de Ciencias
Naturales. Tucuman, 1916 (ed. by Sociedad Argentina de Ciencias 
Naturales), pp. 210-232.
271- Lima, H. C. d. (1982). Nota taxonomica sobre o "Pau Moco",
Luetzelburgia auriculata (Fr. Allemao) Ducke. Fundacao 
Universidade Federal do Piauf. Cadernos de Pesquisa, Serie 
Botanica. 1, 55-60.
272- Lima, H. C. d. (1984). Uma nova especie de Luetzelburgia
(Leguminosae, Papilionoideae) da Bahia, Brasil. Anais do XXXIV 
Congr, Nac. de Botanica, Curitiba, 1983 (ed. by Sociedade Botanica 
do Brasil), pp. 191-197. Universidade Federal do Parana.
273- Lima, H. C. d., & Vaz, A. M. S. d. F. (1984). Revisao taxonomica do
genero Riedeliella Harms (Leguminosae, Faboideae). 
Rodriguesia, 36, 9-16.
274- Lima, M. P. M., & Lima, H. C. d. (1984). Parapiptadenia Brenan
(Leguminosae, Mimosoideae). Estudo taxonomico das especies 
brasileiras. Rodriguesia. 36, 23-30.
275- Lira, J. A. (1942). Breve Diccionario KKechuwa-Esnanol. Cusco.
276- Lopez Segovia, T., Giesbrecht Wiehe, W., & Martinez, A. (1988).
Desmonte y habilitacion de tierras en la region chaquena del 
Paraguay. Desmonte x habilitacidn de tierras en hl regid.n 
chaquena semidrida (ed. by R. R. Casas), pp. 260-278. Oficina 
Regional de la FAO para America Latina y el Caribe, Santiago.
Chaco - Caatingas floristic links
J
i
1
1
»-d 
i
. r5,
1
i
5V|
4-
I
5*
•J
References
-'•*1 ■ li-f
Chaco - Caatingas floristic links 267
277- Louren^o, W. R, (1986). Biogeographie et phylog^nie des Scorpions
du genre Rhopalurus Thorell, 1876 (Scorpiones, Buthidae). M£m. 
goo, r, beige EnL, 33, 129-137.
278- Louren^o, W. R. (1990). Caracterisation biog^ographique de la
caatinga bresilienne. Associations avec le chaco et d'autres 
formations vegetales ouvertes d'Am^rique du Sud. L'exemple des 
Scorpions. Comnte Rendu des Stances de la Society de 
Biogeographie. 66, 149-169.
279- Louren^o, W. R., & Sastre, C. (1988). Les savanes n^otropicales:
Essai de definition, caract^ristiques 6cologiques et 
biogeographiques. Exemples de modalites de peuplement chez les 
Scorpions et chez quelques Phanerogames (Ochnacees). Comnte 
Rendu des Seances de la Societe de Biogeographie. 64, 43-77.
280- Luetzelburg, P. v. (1922-23). Estudo Botanico do Nordeste.
Inspectoria Federal de Obras Contra as Seccas, Ministerio da 
Via?ao e Obras Publicas, Publica^ao 57, Serie I, A, Rio de Janeiro.
281- Luti, R., Solis, M., Galera, F., Ferreira, M., Herrera, M., &
Barrera, J. C. (1979). Vegetacion. Geografia Fisica de la Provincia 
de Cordoba (ed. by J. Vazquez, R. Miatello & M. Roque), pp. 297­
368. Buenos Aires.
282- Machado, I. C. (1990). Biologia floral de especies de Caatinga no
Municipio de Alagoinha (PE). Ph. D. thesis, Universidade 
Estadual de Campinas.
283- Magalhaes, G. M. (1961). Vegetafao do nordeste de Minas Gerais.
Revista de Biologia da Lisboa. 2, 276-299.
284- Magalhaes, G. M., & Ferreira, M. B. (1976). Vegeta^ao. In:
Levantamento de reconhecimento com detalhes dos solos do 
Distrito Agroindustrial de Jaiba, MG. Bol. Tec, EPAMIG. 54, 28­
42 (apud Andrade-Lima, 1981).
285- Major, J. (1988). Endemism: a botanical perspective. Analytical
biogeographv: an integrated approach the study of animal and
plant distributions (ed. by A. A. Myers & P. S. Giller), pp. 117-146. 
Chapman & Hall, London.
286- Marcondes-Ferreira, W. (1988). Aspidosperma Mart., nom. cons.
(Apocvnaceae): estudos taxondmicos. Ph.D. thesis, Universidade 
Estadual de Campinas.
References
Chaco - Caatingas floristic links 268
287- Mares, M. A., Ojeda, R. A., & Kosco, M. P. (1981a). Observations on
the distribution and ecology of the mammals of Salta Province, 
Argentina. Annals of the Carnegie Museum. 50, 151-206.
288- Mares, M. A., Willig, M. R., Streilein, K. E., & Lacher Jr., T. E.
(1981b). The mammals of northeastern Brazil: a preliminary 
assessment. Annals of the Carnegie Museum. 50, 81-137.
289- Mares, M. A., Willig, M. R., & Lacher Jr., T. E. (1985). The
Brazilian caatinga in South American zoogeography: tropical 
mammals in a dry region. Journal of Biogeography. 12, 57-69.
290- Markgraf, V. (1989). Palseoclimates in Central and South America
since 18,000 BP based on pollen and lake-level records. 
Quaternary Science Reviews, 8, 1-24.
291- Markley, K. (1955). Caranday — a source of Palm wax. Economic
Botany. 9, 39-52.
292- Marlange, M. (1972). Contribution a l'etude phvto-ecologique du
Chaco Argentine. Ph.D. thesis, University des Sciences et 
Techniques du Languedoc, Acaddmie de Montpellier.
293- Martins, E. M. O. (1980). Distribuifao geografica do genero
Stryphnodendron com descri^ao de nova especie (Leg., Mim.). 
Re vista Brasileira de Biologia. 40, 729-732.
294- Martins, F. R. (1979). O metodo de quadrantes £ a fitossociologia de
uma floresta residual do interior do Estado de Sao Paulo: Parque 
Estadual de Vassununga. Ph.D. thesis, Universidade de Sao 
Paulo.
295- Martius, C. F. P. v. (1855). Flora Brasiliensis. Volume 5(1): 56.
Munchen, Wien, Leipzig.
296- Martius, C. F. P. v. (1876). Flora Brasiliensis. Volume 12(2): 402.
Munchen, Wien, Leipzig.
297- Massoia, E. (1970). Contribution al conocimiento de los mamiferos
de Formosa con noticias de los que habitan zonas vinaleras. 
IDIA. 276, 55-64.
298- Mateucci, S. D., & Colma, A. (1982). Metodologia para el estudio de
la vegetacidn. Serie de Biologia. Secretaria General de la 
Organization de los Estados Americanos, Washington, DC.
299- Mayer, J. J., & Brandt, P. N. (1982). Identity, distribution, and
natural history of the peccaries, Tayassuidae. Mammalian 
biology in South America (ed. by M. A. Mares & H. H. 
Genoways), pp. 433-455. University of Pittsburgh, Linesville, PE.
References
•
Chaco - Caatingas floristic links 269
300- Metraux, A. (1946). Ethnography of the Chaco. Handbook of South
American Indians (ed. by J. H. Steward), pp. 197-370. 
Smithsonian Institute, Bureau of American Ethnology (Bull. 143), 
Washington.
301- Meyer de Schauensee, R. (1966). The species of birds of South
America with their distribution. Academy of Natural Sciences of 
Philadelphia, Narberth.
302- Meyer, T. (1944). Un viaje botanico al departamento de Orrin
(Provincia de Salta). Revista Geogrrifica Americana. 21, 255-264.
303- Meyer, T. (1963). Estudios sobre la selva de Tucumrin. La selva de
Mirtaceas de "Las Pavas". Opera Lilloana, 10, 1-144, 55 pi.
304- Meyer, T., & Barkley, F. A. (1973). Revision del genero Schinopsis
(Anacardiaceae). Lilloa. 33, 207-258.
305- Middendorf, E. W. (1890). Worterbuch des Runa Simi oder Keshua-
snrache. Unter Berucksichtigung der Fruheren Werke nach 
einigen Studien Bearbeitet. Leipzig.
306- Morawetz, W. (1982). Morphologisch-okologische differenzierung,
biologie, svstematik und evolution der neotropischen Gattung 
Jacaranda (Bignoniaceae). Osterr. Akad. Wiss., math.- 
naturwiss. Kl., Denk-schriften 123. Springer Verlag, Wien-New 
York.
307- Morawetz, W. (1986). Remarks on karyological differentiation
patterns in tropical woody plants. Plant Svstematics and 
Evolution. 152, 49-100.
308- Morello, J. (1958). La provincia fitogeogrrifica del Monte. Opera
Lilloana, 2, 5-155, 58 pi.
309- Morello, J. (1967). Bases para el estudio fitoecologico de los grandes
espacios (el Chaco argentino). Ciencia e Investigation, 23, 252­
267.
310- Morello, J. (1985). El Gran Chaco: el proceso de expansion de la
frontera agricola desde el punto de vista ecologico ambiental. 
Primer Seminario Latinoamericano de Sistemas Ambientales 
para la Planificacion, Mrixico, 1985 (ed. by pp. 341-396. CEPAL- 
CIFCA.
311- Morello, J., & Adamoli, J. (1967).'Vegetacion v ambiente del
nordeste del Chaco argentine, Guia ds. viaie, trpmQ, Resistencia-
Puerto Pilcomavo, IX Jornadas Botrinicas Argentinas. INTA,
References
Chaco - Caatingas floristic links 270
Centro Regional Chaqueno, E.E.A. Cnia. Benitez, September, 
1967. Mimeogr., 75 pp.
312- Morello, J., & Adamoli, J. (1968). Las grandes unidades de
vegetacidn x ambiente del .Ch,a.g..Q. argentino, Primera parte: 
Obietivos v metodologia. Serie Pitogeografica N° 10. Instituto 
National de Tecnologia Agropecuaria, Buenos Aires.
313- Morello, J., & Adamoli, (1974). Las grandes unidades de
vegetacidn x ambiente del Chaco argentino, Segunda parte: 
Vegetacion x ambiente la provincia del Chaco. Serie 
Fitogeografica N° 13. Instituto National de Tecnologia 
Agropecuaria, Buenos Aires.
314- Morello, J., Crudelli, N. E., & Saraceno, M. (1971). Los vinalares de
Formosa (Republica Argentina). La colonizadora lenosa Prosopis
ruscifolia Gris, Serie Fitogeografica N° 11. Instituto National de 
Tecnologia Agropecuaria, Buenos Aires.
315- Morello, J., & Saravia Toledo, C. (1959a). El bosque chaqueno. I:
Paisaje primitivo, paisaje natural y paisaje cultural en el oriente 
de Salta. Revista Agronomica del Noroeste Argentino. 3, 5-81.
316- Morello, J., & Saravia Toledo, C. (1959b). El bosque chaqueno. II: La
ganaderia y el bosque en el oriente de Salta. Revista Agronrimica 
del Noroeste Argentino. 3, 209-258.
317- Morillo, G. (1978). El gtiiero Marsdenia en Venezuela, Colombia y
Ecuador. Acta Botrinica Venezuelica. 13, 23-74.
318- Morinigo, M. A. (1966). Diccionario manual de americanismos.
Muchnik Editores, Buenos Aires.
319- Morton, C. V. (1976). A revision of the Argentine species of
Solanum. Publ. Acad. Nac. Cs. (Cordoba). Academia Nacional de 
Ciencias (Cdrdoba), Cordoba.
320- Mueller-Dombois, D., & Ellenberg, H. (1974). Aims and methods of
vegetation ecology. J. Wiley & Sons, New York.
321- Mulgura, M. E. (1981). Contribuciones al estudio del genero Atriplex
(Chenopodiaceae) en la Argentina. I. Darwiniana. 23, 119-150.
322- Muller, P. (1973). The dispersal centres of terrestrial vertebrates in
th£ Neotropical realm, A study in th£ evolution pf NeQ.topical 
biota and its native landscapes. Edited by J. Schmithiisen. 
Biogeographica. Dr. W. Junk, The Hague.
References
323- Munoz, J. d. D. (1990). Notulae ad Floram paraquaiensem, N9 23:
Nota y complementos al tratamiento de Anacardiaceae. 
Candollea. 45, 39-43.
324- Myers, P. (1982). Origins and affinities of the mammal fauna of
Paraguay. Mammalian biology in South America (ed. by M. A. 
Mares & H. H. Genoways), pp. 85-93. University of Pittsburgh, 
Linesville, PE.
325- Myers, P., & Wetzel, R. (1979). New records of mammals from
Paraguay. Journal Mammalogy. 60, 638-641.
326- Myers, P., & Wetzel, R, (1983). Systematic and zoogeography of the
bats of Chaco Boreal. Museum of Zoology, University of Michigan, 
Miscellaneous Publications. 165, 1-59.
327- Naumburg, E. M. B. (1939). Studies of birds from eastern Brazil and
Paraguay, based on a collection made by Emil Kaempfer. Bulletin 
of the American Museum of Natural History. 76, 231-276.
328- Neiva, A., & Pena, B. (1916). Viagem cientifica pelo norte da Bahia,
sudoeste de Pernambuco, sul do Piaui e de norte a sul de Goiaz. 
Memorias do Instituto Qswaldo Cruz. 8.
329- Niedenzu, F. (1928). Malpighiaceae. Das Pflanzenreich. Regni
vegetabilis conspectus, IV.141 (ed. by A. Engler), pp. 1-870. 
Engelman Verlag, Weinheim.
330- Nimer, E. (1972). Climatologia da regiao Nordeste do Brasil,
Introdu^ao a climatologia dinamica. Revista Brasileira de 
Geografia, 34, 3-51.
331- Nishizawa, T. (1976). Some characteristics of rainfall in the
northeast of Brazil. Tokyo Geographical Papers, 20, 53-61.
332- Numata, M. (1970). Flora and vegetation in the north-eastern and
central Brazil. Tokyo Geographical Papers, 14, 44-74.
333- O’Donell, C. A. (1959a). Las especies americanas de Ipomoea L.
sect. Quamoclit (Mench.) Gris. Lilloa, 29, 19-86.
334- O’Donell, C. A. (1959b). Convolvulaceas Argentinas, I. Lilloa. 29, 87­
348.
335- O’Donell, C. A., & Lourteig, A. (1942). Chrozophoreae argentinae .
Lilloa, 8,37-81. .. .
336- O’Donell, C. A., & Lourteig, A. (1943). Malpighiaceae argentinae .
Lilloa, 9, 221-316.
337- Oliveira, J. G. B. d., Quesado, H. L. C., Nunes, E. P., Figueiredo, M.
A., & Bezerra, C. L. F. (1988). Vegetacao da Estapaa Ecoldgica de
Chaco - Caatingas floristic links 271
References
-S-. i'.J,; W'j--
Chaco - Caatingas floristic links 272
Aiuaba, Ceara. Cole?ao Mossoroense, N° 537. Escola Superior de 
Agricultura de Mossord, Funda?ao Guimaraes Duque, Mossord, 
RN.
338- Olrog, C. (1963a). Lista y distribucidn de las aves argentinas. Opera
Lilloana. 9, 1-377.
339- Olrog, C. (1963b). Notas sobre aves bolivianas. Acta Zooldgica
Lilloana, Tucuman, 19, 407-478.
340- Orsi, M. C. (1976). Sinopsis de las especies argentinas del genero
Berberis (Berberidaceae). Boletin de la Sociedad Argentina de 
Botanica. 17,127-149.
341- Padula, E., & Mingramm, Au (1963). The fundamental geological
pattern of the Chaco-Parana basin (Argentina) in relation to its oil 
possibilities. Proc, VI World Petroleum Congress, Sect, 1, 
Argentina. Frankfurt a. M., pp. 293-310.
342- Palacios, R. A., & Bravo, L. D. (1981). Hibridacidn natural en
Prosopis (Leguminosae) en la regidn chaqueha argentina. 
Evidencias morfologicas y cromatogrdficas. Darwiniana. 23, 3-35.
343- Palacios, R. A., & Hunziker, J. H. (1984). Revisidn taxonomica del
genero Bulnesia (Zygophyllaceae). Darwiniana. 25, 299-320.
344- Papadakis, J. (1973). La region chaquena. Ecologia, suelos,.
posibilidades agricolas. Ciencia e Investigation, 29, 182-201.
345- Parodi, L. R. (1945). Las regiones fitogeograficas argentinas y sus
relaciones con la industria forestal. Plants and Plant Science in 
Latin America (ed. by F. Verdoorn), pp. 127-132. Waltham, 
Mass.,USA.
346- Pax, F. (1959). Euphorbiaceae-Jatropheae . Das Pflanzenreich.
Regni vegetabilis conspectus, IV, 147 (ed. by A. Engler), pp. 1-148. 
Engelman Verlag, Weinheim.
347- Pax, F., & Hoffmann, K. (1958a). Euphorbiaceae-Acalypheae-
Chrozophorinae . Das Pflanzenreich, Regni vegetabilis 
conspectus, IV.147.vi (ed. by A. Engler), pp. 1-142. Engelman 
Verlag, Weinheim.
348- Pax, F., & Hqffmann, K. (1958b). Euphorbiaceae-Gelonieae . Das
Pflanzenreich, Regni vegetabilis conspectus, IV.147.iv (ed. by A.
' Engler), pp. 1-319. Engelman Verlag, Weinheim.
349- Pax, F., & Hoffmann, K. (1960). Capparidaceae . Die naturliche
Pflanzenfamilien (ed. by A. Engler & K. Prantl), pp. 146-223. 
Nachtrage, Berlin.
References
Chaco - Caatingas floristic links 273
350- Pennington, T. D. (1981). Meliaceae. Edited by B. Maguire. Flora
Neotropica Monographs N9 28. Hafner Press, for the Organization 
for Flora Neotropica, New York.
351- Pennington, T. D. (1990). Sapotaceae. Edited by B. Maguire. Flora
Neotropica Monographs N9 52. Hafner Press, for the Organization 
for Flora Neotropica, New York.
352- Pennington, T. D. (unpubl.manusc.). Sapotaceae (manuscript for
Flora Neotropica Monograph Ng 52, 1990).
353- Peralta, A. J., & Osuna, T. (1952). Diccionario Guaram-Espanol v
Espanol-Guaram. 3ed ed. Editorial Tupa, Buenos Aires.
354- Pingitore, E. J. (1978). Revisidn de las especies del genero Trithrinax
(Principales). Revista del Instituto Municipal de Botanica (Buenos 
Aires). 4, 95-109.
355- Pingitore, E. J. (1982). Rare palms in Argentina. Principes. 26, 9-18.
356- Pinto, G. C. P. (1985). Schinopsis brasiliensis Engl, na comunidade
floristica do Pantanal. Anais do XXXIII Congr, Nac, de Botanica. 
Maceio, 1982 (ed. by Sociedade Botanica do Brasil), pp. 49-51. 
EMBRAPA, Brasilia.
357- Plowman, T. (1979). The genus Brunfelsia : a conspectus of the
taxonomy and biogeography. The biology and taxonomy of the 
Solanaceae (ed. by J. G. Hawkes, R. N. Lester & A. D. Skelding), 
pp. 475-491. Academic Press, London.
358- Plowman, T. (1981). Five new species of Brunfelsia from South
America (Solanaceae). Fieldiana (Botany). 8, 1-16.
359- Plowman, T. (1986). Four new species of Erythroxylum
(Erythroxylaceae) from northeastern Brazil. Brittonia. 38, 189-200.
360- Plowman, T. (1987). Ten new species of Erythroxylum
(Erythroxylaceae) from Bahia, Brazil. Fieldiana (Botany). 19, 1-41.
361- Popolizio, E. (1970). Algunos rasgos de la geomorfologfa del nordeste
argentino. Boletfn de la Sociedad Argentina de Botanica. 
IKSuppl.), 17-35.
362- Popolizio, E., Serra, P. Y., & Hortt, G. O. (1980a). La clasificacidn
taxondmica del Chaco. Baios Submeridionales (ed. by E. 
Popolizio), pp. 1-30. Centro de Geociencias Aplicadas, UNNE. 
Serie C, Investigation. Tomo 3, N° 1, Resistencia.
363- Popolizio, E., Serra, P. Y., & Hortt, G. O. (1980b). Planicie
subestructural del Chaco con sabanas, parques y canadas. 
Unidad 1.4.2. Baios Submeridionales (ed. by E. Popolizio), pp. 175-
References
Chaco - Caatingas floristic links 274
200. Centro de Geociencias Aplicadas, UNNE. Serie C, 
Investigacidn. Tomo 3, N° 5, Resistencia.
364- Poppendieck, H. H. (1981). Cochlospermaceae. Edited by B. Maguire.
Flora Neotropica Monographs N9 27. Hafner Press, for the 
Organization for Flora Neotropica, New York.
365- Porter, D. M. (1973). The vegetation of Panama: a review. Vegetation
and vegetational history of Northern Latin America (ed. by A. 
Graham), pp. 167-201. Elsevier Scientific Publishing Co., 
Amsterdam, etc.
366- Prado, D. E., Franceschi, E. A., &. Bianchi, M. B. (in press, a). El
bosque del escarpe occidental del Rio Parana (Argentina). 
Composicion florfstica y estructura. Anais do XL Congresso 
Nacional de Botanica. Cuiaba, 1989 (ed. by Sociedade Botanica do 
Brasil), Universidade Federal de Mato Grosso.
367- Prado, D. E., Gibbs, P. E., Pott, A., & Pott, V. J. (in press, b). Chaco-
Pantanal transition in Southern Mato Grosso (Brazil). 
Proceedings &£ the Symposium on the Nature & Dynamics of 
Forest-Savanna Boundaries, Glasgow, 1990.
368- Prance, G. T. (1972). Chrysobalanaceae. Edited by B. Maguire. Flora
Neotropica Monographs N9 9. Hafner Press, for the Organization 
for Flora Neotropica, New York.
369- Prance, G. T., Rodriguez, W. A., & Silva, M. F. d. (1976). Inventario
florestal de um hectare de mata de terra firme km 30 da estrada 
Manaus-Itacoatiara. Acta Amazdnica. 6, 9-35.
370- Prance, G. T., & Schaller, G. B. (1982). Preliminary study of some
vegetation types of the Pantanal, Mato Grosso, Brazil. Brittonia. 
34, 228-251.
371- Proen£a, C. (1990). A revision of Siphoneugena Berg. Edinburgh
Journal of Botany. 47, 239-271.
372- Prohaska, F. J. (1959). El polo de calor de America del Sur. INTA.
IDIA.141.
373- Putzer, H. (1962). Geologie von Paraguay. Edited by A. Bentz.
Beitrage zur regionalen Geologie der Erde. Gebriider 
Borntraeger, Berlin.
374- Radlkofer, L. (1921). Terebinthinae III (s. Teilr II S. 78).
Sapindaceae II. Herzog's bolivianische Pflanzen, V. 
Mededeelingen van's Riiks Herbarium Leiden. 40, 1-4.
References
Chaco - Caatingas floristic links 275
375- Radlkofer, L. (1956). Sapindaceae. Das Pflanzenreich. Regni
vegetabilis conspectus.. IV, 165 (ed. by A. Engler), pp. 1-1018. 
Engelman Verlag, Weinheim.
376- Ragonese, A. E. (1941). La vegetacidn de la provincia de Santa Pe
(R.A.). Darwiniana. 5, 369-416.
377- Ragonese, A. E. (1951). Estudio fitosociologico de las Salinas
Grandes. Revista de Investigaciones Agronecuarias, INTA, Serie 
Fitogeogrdfica. 5, 1-233.
378- Ragonese, A. E., & Castiglioni, J. A. (1947). Nueva especie del
gdnero Schinopsis y drea geografica de las especies argentinas. 
Revista de Investigaciones Agricolas. 1, 93-101.
379- Ragonese, A. E., & Castiglioni, J. A. (1970). La vegetacidn del
Parque Chaqueno. Boletin de la Sociedad Argentina de Botanica. 
ll(SuppL), 133-160.
380- Rambo, B. (1980). A mata pluvial do Alto Uruguai. Roessldria. 3,
101-139.
381- Ramella, L., & Spichiger, R (1989). Interpretation preliminar del
medio fisico y de la vegetation del Chaco Boreal. Contribution al 
estudio de la flora y de la vegetation del Chaco. I. Candollea. 44, 
639-680.
382- Ratter, J. A. (1984). Report of a visit the Unidade de Execugao de
Pesquisa de Ambito Estadual (UEPAE) de EMBRAPA (Pantanal
Station, Corumba, MS). Royal Botanic Garden, Edinburgh, 28^ 
August-2nd September, 1984. Mimeogr.
383- Ratter, J. A. (1986). Notas sobre a vegetacao da Fazenda Agua
Limpa (Brasilia-DF). Preliminar edition. Textos Universitarios, 
N9 3. Editora Universidade de Brasilia, Brasilia.
384- Ratter, J. A. (1987). Notes on the vegetation of the Parque Nacional
do Araguaia (Brazil). Notes of the Royal Botanic Garden, 
Edinburgh. 44, 311-342.
385- Ratter, J. A., Askew, G. P., Montgomery, R, & Gifford, D. R (1977).
Observafoes adicionais sobre o cerradao de solos mesotroficos no 
Brasil central. IV Simposio sobre o cerrado (ed. by M. G. Ferri), 
pp. 303-316. Editora USP, Sao Paulo. .
386- Ratter, J. A., Askew, G. P., Montgomery, R, & Gifford, D. R (1978).
Observations on forests of some mesotrophic soils in central 
Brazil. Revista brasileira de Botanica. 1, 47-58.
References
Chaco - Caatingas floristic links 276
387- Ratter, J. A., & Dargie, T. C. D. (in press). An analysis of the
floristic composition of 26 cerrado areas in Brazil. Anais do VIII 
Congresso da Sociedade Botanica de Sao Paulo. Campinas, 1991 
(ed. by Soc. Bot. Sao Paulo).
388- Ratter, J. A., Leitao F2, H. F., Argent, G., Gibbs, P. E., Semir, J.,
Shepherd, G., & Tamashiro, J. (1988a). Floristic composition and 
community structure of a southern cerrado area in Brazil. Notes 
from the Royal Botanic Garden Edinburgh. 45, 137-151.
389- Ratter, J. A., Pott, A., Pott, V. J., da Cunha, C. N., & Haridasan, M.
(1988b). Observations on woody vegetation types in the Pantanal 
and at Corumba, Brazil. Notes from the Royal Botanic Garden 
Edinburgh. 45, 503-525.
390- Raven, P. H., & Axelrod, D. I. (1974). Angiosperm biogeography and
past continental movements. Annals of the Missouri Botanical 
Garden. 61, 539-673.
391- Reboratti, H. J., & Neiff, J. J. (1986). Los bosques fluviales del Chaco
oriental: primera aproximacion. Ambiente Subtropical. 1, 36-46.
392- Reis, A. C. S. (1976). Clima da caatinga. Anais da Academia
Brasileira de Ciencias. 48, 325-335.
393- Rieger, W. (1976). Vegetationskundliche Untersuchungen auf der
Guaiira-Halbinsel (Nordost-Kolumbien). Edited by H. 
Rohdenburg. Giessener Geographische Schriften, N2 40. 
Geographischen Institut der Justus Liebig Universitat, Gieben.
394- Rizzini, C. T. (1963). Nota previa sobre a divisao fitogeografica do
Brasil. Revista Brasileira de Geografia. 25, 3-64.
395- Rizzini, C. T. (1974). Plantas novas da Bahia. Leandra. 3-4, 5-30.
396- Rizzini, C. T. (1975). Novitates florae Brasiliensis. Leandra. 5, 33-46.
397- Rizzini, C. T. (1976). Contribuifao ao conhecimento das floras
nordestinas. Rodriguesia. 28, 137-193.
398- Rizzini, C. T. (1979). Tratado de Fitogeografia do Brasil. HUCITEC,
Universidade de Sao Paulo, Sao Paulo.
399- Robyns, A. (1963). Essai de monographie du genre Bombax s.l. Bull,
Jard, Bot, Etat (Brussels). 33, 1-316.
400- Rodal, M. J. N. (1984). Fitoecologia de uma drea do m£dio vale do
Moxotd, Pernambuco.- M. Sc. thesis, Universidade Federal Rural 
de Pernambuco.
References
5 ' ’.Li"-
Chaco - Caatingas floristic links 277
401- Rodrigo, A. d. P. (1944). Las especies argentinas y uruguayas del
genero Sida. Revista dsl Museo de Ciencias Naturales de La 
Plata, Seccidn Botanica. 6, 81-212.
402- Rogers, D. J., & Appan, S. G. (1973). Manihot, Manihotoides
(Eunhorbiaceae). Edited by B. Maguire. Flora Neotropica 
Monographs N9 13. Hafner Press, for the Organization for Flora 
Neotropica, New York.
403- Rohwer, J. (1982). A taxonomic revision of the genera Seguieria
Loefl. and Gallesia Casar. Mitt. Bot, Staatssamml, Munchen, 18, 
231-288.
404- Rojas, T., & Carabia, J. P. (1945). Breve resena de la vegetacion
paraguaya. Plants and Plant Science in Latin America (ed. by F. 
Verdoorn), pp. 120-125. Waltham, Mass.,USA.
405- Romanczuk, M. C., & Martinez, M. A. d. P. d. (1978). Las especies
del genero Celtis (Ulmaceae) en la flora argentina. Darwiniana. 
21,541-577. ’
406- Rotman, A. (1979). Las especies argentinas del genero Myrcianthes
(Myrtaceae). Darwiniana. 22, 109-123.
407- Sampaio, E. V. S. R., Andrade-Lima, D. d., & Figueiredo Gomes, M.
A. (1981). O gradiente vegetational das caatingas e areas anexas. 
Revista brasileira de Botanica. 4, 27-30.
408- Santin, D. A. (1991). Estudo taxonomico de plantulas de algumas
especies dos generos Astronium Jacq. e Myracrodruon Fr.All. 
(Anacardiaceae). XLII Congresso Nacional de Botanica. 
Resumos. Goiania, January 1991 (ed. by Sociedade Botanica do 
Brasil), pp. 238. Universidade Federal de Goias.
409- Santos, M. F. d. A. V. (1987). Caracteristicas dos solos e da vegetacao
em sete areas de Parnamirim, Pernambuco. M. Sc. thesis, 
Universidade Federal Rural de Pernambuco.
410- Sarmiento, G. (1972). Ecological and floristic convergences between
seasonal plant formations of tropical and subtropical South 
America. Journal of Ecology. 60, 367-410.
411- Sarmiento, G. (1975). The dry plant formations of South America
and their floristic connections. Journal of Biogeographv. 2, 233­
251.
412- Sarmiento, G. (1983). The savannas of tropical America. Tropical
Savannas (ed. by F. Bourli&re), pp. xii+730. Elsevier Scientific 
Publishing Company, Amsterdam.
References
Chaco - Caatingas floristic links 278
413- Sayago, M. (1969). Estudio fitogeogr&fico del norte de Cdrdoba.
Bole tin da la Academia Nacional da Ciencias da Cordoba. 46, 123­
427.
414- Schimper, A. F. W. (1903). Plant geography upon a physiological
basis. Translated by W.R. Fischer. Clarendon Press, Oxford.
415- Schnell, R. (1966). Problkmes phytog^ographiques, ecologiques et
economiques de la caatinga bresilienne. J, D'Agric. Tropic, et Bot, 
Appl.. 13, 59-90.
416- Schulz, A. G. (1940). Las Bignoniaceas del Territorio del Chaco.
Lilloa. 5,131-158.
417- Schulz, A. G. (1967). Reserva Biologica de Colonia Benitez, Catalogo
de la flora de la selva. INTA, Centro Regional Chaqueno, E.E.A. 
Cnia. Benitez, September, 1967. N9 2. mimeogr., 7pp.
418- Schulz, O. E. (1959). Erythroxylaceae. Das Pflanzenreich, Regni
vegetabilis conspectus. IV.134 (ed. by A. Engler), pp. 1-176. 
Engelman Verlag, Weinheim.
419- Short, L. L. (1971). Aves nuevas o poco comunes de Corrientes,
Republica Argentina. Revista del Museo Argentino de Ciencias 
Naturales "Bernardino Rivadavia", Zoologia. 9, 283-309.
420- Short, L. L. (1975). A zoogeographic analysis of the South American
chaco avifauna. Bulletin of the American Museum of Natural 
History. 154, 163-252.
421- Short, L. L. (1976). Notes on a collection of birds from the
Paraguayan Chaco. American Museum Novitates. 2597, 1-16.
422- Silva, A. F. d., & Leitao F2, H. d. F. (1982). Composi^ao florfstica e
estrutura de um trecho da mata atlantica de encosta no 
municipio de Ubatuba (Sao Paulo, Brasil). Revista brasileira de 
Botanica. 5, 43-52.
423- Silva, J. M. C. d. (1989). Andlise biogeografica da avifauna de
florestas do interfluvio Araguaia-Sao Francisco. M. Sc. thesis, 
Universidade de Brasilia.
424- Simpson, B. B. (1986). Speciation and specialization of Polylepis in
the Andes. High Altitude Tropical Biogeographv (ed. by F.
. Vuilleumier & M. Monasterio), pp. 304-316. Oxford University
Press & American Museum of Natural History, New York.
425- Simpson, B. B. (1989). Krameriaceae. Edited by B. Maguire. Flora
Neo tropica Monographs N9 49. Hafner Press, for the Organization 
for Flora Neotropica, New York.
References
Caatingas floristic links 279
Neofcropica Monographs N~ 22, Hafner Press, for the Organisation 
for Flora Neotropica, New York.
Slower, Bk O„ (1984), .Oiacaee.ae, Edited by B. Maguire. Flora 
Naotropica Monographs Na 38. Hafner Press, for the Organization 
for Flora Neo tropica, New York,
HmUla, A. €fo & JohnstoKi, I, M. (1945). .A phytogeographic sketch of 
Latin America, Phxrfcg wad Hast SsmfiQ kt Latin America (ed, by 
P. Verdoorn), pp. 11-18. Waltham, Mass.,USA.
,4$& C, Ft (I960). A revision oSCedrela (Meliaceae). Fieldiana. 29,
W-34L
.dpi- &bWl 1*. B» (1982). Origins of the flora of southern Brazil,
IhsJioM.36, 216­
250,
L, Bw> & Dows, Ok X (1974-79L Bromeliaceae. Edited by B„
Maguire. Flora Neotropica Monographs Ne 14. Parts T-H-HL 
Hafner Press, for the Organization for Flora Neotropica, New 
Y'orl;.
■ ^kAlfeog; 0» Ik (1976),, The origin and floristic affinities of the South 
. American temperate desert and semi-desert regions. Evolution,.of 
XlQ0.prkB.iota (ed. by D. S. Goodall), pp. 7-51. University of Texas
Press, Austin,
4M-. S0ro2geo« T„ (IMS), A method of establishing groups of equal
GhT.. '
* amplitude in plant sociology based on similarity of species 
content. 1-34.
tea, G» v, (1988). Istataa da xogsfeaeSft da .caatingw hij^wrd&te 
<fo esffido du Sergipe.. M. Sc. thesis, Universidade Federal Rural 
de 'Pernambuco.
khu- Bowls? I*» $L {)1988-83)«. Ecology, behaviour and status of the Ghaco&n 
peccary (Catagonus wagneti ) in Paraguay, National Geographic. 
Sd#idxB^arAihB©po^, 21, 457-482.
SplcMger, Bfo Kam@Iia5. L, (1989). The. forests of the Paraguayan 
Chaco. Ixanieal fpxQSis.,. kQiiowal dxMWJusu Awdnifon and 
diyersltv (ed. by L. B, Holm-Nielsen & al.), pp. 269-270. Academic 
Press, London.
References
gtefobias, G. L< (1980). Yad.aii.osx and Quotation ia plants. Columbia 
P University Press, New York.,
.439--^teyormark, J„ A„ (1972). Rubiaceae. In: Maguire, B. et ah, "Tin? 
PR Botany of the Guyana .Highland. Part IX". Memoirs of the, ,Ney/
„ , S^B.skwmLG^jan, 28, 1-832.UR P’ .
'4>Uh Shiossy, T. F. (1978). .Revision of hagascea (Composite^.,
Eeliantkeae ). BoldxQXMXBQteilX). 88, 75-133.
K„ (1977). Las especies de Euphorbia de la Republics * ■& ' * * •
' Argentina. Bud$I&XX&» M 83-248.
:• Gh^o - C&aUngas ilorisUc links 280
A. K (.1986). Translated
by T.J. Crovelio. University of California Press, Berkeley.
443*- W'MRjew, <4 dh (1906K Die sttdrussischexi Steppen. Result., ffeipMlL 
/ ' ibW^lsAoin^de.hafeaiai^, Vienne, pp. 381-388.
ypyp Twmd&s N» (1984), A revision of the Brazilian species of Stercuiia u 
WfiOflk&JiQXaLfe^ 42, 123-149.
-445? W'wda? N„? & Gifofos, P. K (1980), A revision of the Brazilian species
ofCWchh subgenus Varronia (Boraginaceae). Notes of the, Royal 
44, 106-140.
'44m Tawda, N„? & Gifotos, P« E. (1987L Studies on the genus Corhm .u 
• : (Boraginaceae) in Brazil: 2. An outline taxonomic revision ot
subgenus Myxa Taroda. Hoehnea, 14, 31-52,
,.?WA-O, M.? <& Luigi,. CL (1939), Notes sob re CmwioZcwc// 
"•W- __
semicinerea (Reichenbach, 1853) (Aves, Furnariidae). Reyista 
. £^mIdm.Js^ioLQda» 49,605-613.
1448- WMg'gib M„ Ik (1970), Bosquejo geoldgico del Paraguay y la provinda 
de Cornentes.
• IXCSuppL),, 1-15.
;-?44p? ’Bomb, $L F„ (1978b Fiat© tectonics and Angiosperm distribution.
86,297-315,
'4§^ ToxteeUi, L. (1967b Formaciones forestales y mad eras del 
Paraguay. BplolTa xhl .IxOiUtutQ. Za£e&Ul L&feuiQ Amemaa ik
JowjagaoRta x fimdladto., 24,8-34.
:4ftX- ‘Kouwsarkissian, M. (1974). Las Nictagin&ceas ehaquehas, MoWi
6, 1-16,
'4S$- Toiirsar&isslamij, Ml (1976),. 3 uas Nictagindceas argentinas, Reymte
Bmd^xBQtoka, 5, 27-83.
:,w
4A References
2B1
' TotgrsarMssiasu, M. (1980).
Editorial Hemisferio Sur, Buenos Aires.
J„ (1961). As zonas morfoclimdticas do nordeste brasileiro
4S5« IMeart J. (M2). Ifaad&ud&rmgL^
" savannas. Edited by S. H. Beaver. Translated by G.J.K. de Tonga.
Geographies for Advanced Study. Longman, London.
Tsicartf Tb (1985). Evidence of Upper Pleistocene dry climates hi
G^XU^inlialflJgy. (od. by if Douglas & TJ Spencer), pp. 197-217. 
Allen & Unwin, London, etc.
467- Txwhaasij Lu (1967). Accord interafricain sur la definition dee 
types de vegetation de FAfrique tropica k\ Bulletin de ITnstltui
56-93.
458- Tbiwoso, N» S. (1974). Los gdneros de Verbendceas de Sudam^rica 
estratropical (Argentina, Chile, Bolivia, Paraguay, Uruguay y 
sur de Brasil). Parwiniana, 18. 295-412.
-<5S«‘TOIL N„ W„y & Bmnsfxeld, J. (1987). Qe.ne.ra. idafmqxum,.. A. 
slwifipikisa a£ &&Im& j^d <&n .the xoxk pf Harold K Ms ore dx 
AUen Press, Lawrence, Kansas,
•460“ Itaieta, o, (1975K M&m wtoka dx Bpaxia, Memoris
Ministeno de Asuntos Campesinos y Agropecuarios. Republics 
do Bolivia, La Pas.
Y&nwlim, B K. (1070).
/"'• - Serie Teses e Monograiias, Ns 8. Universidade de
Sao Paulo, 1'nstituto de Geografia, S&o Paulo,
VsmjM, F, liL (1074)., Ecological and geographical distribution oi
AT ' v' , „ ... . .
lizards io Pernambuco, north-eastern Brasil (Sauria). PauMs 
Axute Z&Qkghx S^xotoxa ik Agricql tag,
& Csuasick .(Sap. EaukX 28,61-90,
"W8- ¥o.wolim, P. $§. (1976). On the lizards of a cerrado-caatinga contact; 
evolutionary and zoogeographies^ implications (Sauria). P&fiAife 
.tauhxs. de Rwlamfe xk Mm S»Maria d e Agri&ulteiL 
iasbiato&i^^ 2», in-119. ~
4@4- ‘^argas €LX J„ St., & Yorano, A. $5. (1988). Suelos y vegelacion. 
, f x imhiULaxiAo. iU ikxx&a fin la.
'’‘t fehseo - Caatingas floristic Units
RcfciViiCCS
f 22 ?' • «k* , ' •X aws” ’-rt
r;.;;
282
j.K/JpX ■ ;
Qtaeo - Caariugas floristic links
-■..ff
semidrida (ed, by R. R, Casas), pp, 22-31. Oficina Regional de la 
y,|n- -l^AO para America Latina y el Caribe, Santiago,
J„ ft (1041), As regioes natural 8 de Pernambuco.
8» 25-33.
R^b V&WA«b C. (1964b Systematic notes on the bird family Cracidae, L 
Geographical variation of OHalUs canieollis and Pen-elopa 
m&rail 2197, 1-8.
.4®^ :¥&wrie9 C. (1980b Taxonomy and geographical distribution of the 
Eurnariidae (Aves, Passeriformes). BjaU^MsRjoLib^Ain^ric;au 
1-367.
hapless Avila? M. B» (1981b El g6nero Fieus en la Argentina.
A ' 'UaSKaHBfla, 23, 606-636.
Avala, M, lb (1985b Mordceas argentinas, nativas y
" ; naiurallzadas (excepto Ficus ). Darwinians, 26, 289-330.
•<$b WMsqwess., X IL, Segovia, H», Navarro Quevedo, F„, <&. Wsqraess 
A ' Owilaiaa, (1988). Desmonte y habiiitacidn de tierras en la
regidn chaquefta semUrida de Bolivia. X baMlUadmtte
(ed. by R. R. Casas), pp.,
’232-269. Oficina Regional de la FAQ para America Latina y el 
Caribe, Ban tiago.
47> V^Icsgo, H. lb (1947). Considerables gerais sobre a vegeta^&o do 
Estado de Mato Grosso. XI. Motas preliminares sobre o pantanal e 
aonas de transits©. 46, 253­
. 272.
Wsw, HL Ph (1964b Os grandes climaces do Brasil, IV.
■.AA Censiderapoes gerais sobre a vegeta$&o da. regiao Nordesfce.
, I&waaiw da £te.oLdfi £ai& 203-223.
WgVeto, He P„ a Goes-FOho, L, (1982). Fitogeografia Brasileira. 
’Classifica^ao Fisionomica-Ecoldgica da Vegetapao Neotropical,
BoIalAa. Xtoksb, RcuMa SAIM.MBJMSIU, i& Y&oR mA 0,
l, i-79.
<L/(L Veloso, BL F«s & Strang, IL 38L -(1979), Aspectos da fitofisionomin do 
snl do estado de Mato Grosso.
. _ ffl®, 68, 77-88.
4‘/£b Vevwram., F. (1982). Noroeste. SxBm&d&t &Qui^ryadAn Rg. 
vmRasiAii mtaal sa Rsmhlka xvi.li £qxuMm
4,rgen.tinas de Botanica, Tucumdn, 1982 (ed, by Sociedad 
Argentina de Botanica), pp, 9-24. Sociedad Argentina de Botdnica.
Heferer&cs
Chaco - Caatingas Horisf.se Jinks 283
w
479-
:>P’r *
Wk
486'
437-
YmUeimer, B„ 3. (1971L Pleistocene changes in the fauna and flora 
of South America. Soignee. 173, 771-780.
WiBmmier, F. (1986). Origins of the Tropical Avifaunas of the High 
- Andes. £iig;k_AJ^ (ed. by P.
Vuiileumier & M. Monasterio), pp. 686-622. Oxford University 
Press & American Museum of Natural History, New York,.
falter, H„ (1088). /^y^oZucx’aceoe , IMi;PfUuij^reicAJ^AU 
S&n(ed. by A. Engler), pp. 1-164.
Engelman Veriag, Weinheim.
■W0bfe? D. (1978), A history of savanna vertebrates in the new 
world. Part U: South America and the Great Interchange. 
Apiml 9, 393-426. •
Webwbauer,, A, (1936). Phytogeography of the Peruvian Andes, ih^ld 
Musom-of 18,13-81.
Werdtag, L, (1976). Vegetation und Grundwasserhaushait in; 
Chaco Boreal. N&ta.jmOto 106, 81-87.
W-Mselj, B. M.? Xh&bos, IL 8S., Mwrthi, IL L., <& Myers. P. Ci97b.g 
Cat&goiius, an "extinct" peccary, alive in Paraguay. Science. (8& 
379-381
Wbfel, IL M,, & Lovett, J. W, (1974). A collection of mammals from 
the Chaco of Paraguay , Th.Q IMxmto pf
WiOiJl M. R., & Mares, M. A. (1989). Mammals from the Caatiuga, 
axi updated list and summary of recent research. Kevigtp
WIsfearL IX (1987)., Sluaiun Jta M&AU&h. filus Lfc&L &nsdysi& 
SOBmuL- St. Andrews: Computing Laboratory, University of Si. 
Andrews. 4th version., •
Woodson, B. (195IX Studies in the Apocynaceae VIII. An. inferno 
revision of the genus Aspidosperma Mart. et Zucc, Annals of the 
MiMouii S3,119-204.
Zellweger, C-, Palese, 38U Ferret, P., Ramelia, L., Spichigery IL 
(X&90X Concept and use of an integrated database system for du- 
Chaco. Application to a preliminary checklist. Contribution to die 
study of the flora and vegetation of the Chaco. Il, Candoiiea. 45 
881-690/ *
References
•Wi?; ?, ■, ;;>W, '.■V ?fcAb? ■
